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METHOD AND COMPOSITIONS FOR ENHANCING BLOOD 
ABSORBENCE BY ABSORBENT MATERIALS 

Field of the Invention 

5 The present invention relates to superabsorbent materials and 

compositions containing superabsorbent materials exhibiting enhanced blood 
absorbence properties and methods for enhancing the blood absorbence properties of 
such superabsorbent materials and compositions. More specifically, the present 
invention relates to superabsorbent materials exhibiting enhanced blood absorbence 
10 properties for use in disposable, superabsorbent products such as feminine hygiene 
articles and medical articles. 

Cross Reference to Related Applications 
This is a continuation-in-part application of the following U.S. patent 

15 applications, each of which was filed on August 17, 1992, and each of which is hereby 
incorporated herein by reference: (1) Serial No. 07/931,059, entitled "POLYMERIC 
BINDERS FOR BINDING PARTICLES TO FIBERS"; (2) Serial No. 07/931,277, 
entitled "NON-POLYMERIC ORGANIC BINDERS FOR BINDING PARTICLES 
TO FIBERS"; (3) Serial No. 07/93 1,213, entitled "WET LAID FIBER SHEET 

20 MANUFACTURING WITH REACTTVATABLE BINDERS FOR BINDING 
PARTICLES TO BINDERS"; (4) Serial No. 07/931,278, entitled 
"REACTTVATABLE BINDERS FOR BINDING PARTICLES TO FIBERS"; 
(5) Serial No. 07/931,284, entitled "PARTICLE BINDERS FOR HIGH BULK 
FIBERS"; (6) Serial No. 07/931,279, entitled "PARTICLE BINDERS THAT 

25 ENHANCE FIBER DENSIFIC ATION" ; and the following U.S. patent applications, 
each of which was filed on August 17, 1993: (7) Serial No. 08/107,469, entitled 
PARTICLE BINDERS; (8) Serial No. 08/108,219, entitled PARTICLE BINDING 
TO FIBERS; (9) Serial No. 08/107,467, entitled BINDERS FOR BINDING WATER 
SOLUBLE PARTICLES TO FIBERS; (10) Serial No. 08/108,217, entitled 

30 PARTICLE BINDERS; and (11) Serial No. 08/108,218, entitled PARTICLE 
BINDING TO FIBERS; and a continuation application of Serial No. 07/931,284 filed 
on November 15, 1993 as Serial No. 08/153,819. 



35 



Background of the Invention 
Superabsorbent polymers have been developed in recent years that are 
capable of absorbing many times their own weight of liquid. These polymers, which 
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are also known as water insoluble hydrogels, have been used to increase the 
absorbency of sanitary products, such as diapers and sanitary napkins. Superabsorbent 
polymers are often provided in the form of particulate powders, granules, or fibers that 
are distributed throughout superabsorbent cellulosic products to increase the 
absorbency of the product. Superabsorbent particles are described, for example, in 
U.S. Patent No. 4,160,059; U.S. Patent No. 4,676,784; U.S. Patent No. 4,673,402; 
U.S. Patent No. 5,002,814; and U.S. Patent No. 5,057,166. Products such as diapers 
that incorporate superabsorbent hydrogels are shown in U.S. Patent No. 3,669,103 
and U.S. Patent No. 3,670,731. 

Superabsorbents have not found widespread use in superabsorbent 
sanitary articles, such as sanitary napkins, surgical wipes, and other articles used to 
absorb blood and other serous body fluids, because the superabsorbent materials do 
not absorb blood readily, nor do they have a high capacity for blood. The low blood 
absorbent capacity of the superabsorbent material means that large amounts of the 
superabsorbent material must be incorporated into blood absorbent articles, a factor 
which increases the production and materials cost for such superabsorbent articles. 

U.S. Patent Nos. 4,190,563 and 4,435,172 describe methods for 
improving the dispersability of particulate superabsorbent materials within blood. The 
'563 patent describes improving blood dispersability of superabsorbent materials by 
surface treating the material with one or more high molecular weight polyethers. The 
'563 patent describes that the polyethers can be used in amounts ranging from about 
1% to about 35% by weight. The '563 patent describes that the polyether coated 
superabsorbent materials exhibited improved dispersability in blood. The f 172 patent 
describes superabsorbent articles wherein the blood absorption rate is increased by the 
addition of amido compounds and non-ionic surfactants to water-soluble hydrophillic 
polymers. Such treated water-soluble hyrophillic polymers tend to be prone to 
potential risks of toxicity of the polymer and surfactants during use and after disposal 
(i.e., leaching of unused polymer or surfactant). 

A superabsorbent for blood and serous body fluids is disclosed in U.S. 
Patent No. 4,693,713. The disclosed superabsorbent composition includes 
component A, which is described as a water swellable synthetic or natural polymer or 
copolymer, and component B, which is described as an inorganic or organic compound 
that at normal temperature is present in the form of a pourable powder and is water 
soluble. The relatively high levels of component B described in the 713 patent 
contribute to processing, handling, use (from a toxicity standpoint) and disposal 
problems. 
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U.S. Patent No. 4,381,784 describes an superabsorbent article for 
absorbing blood that includes a water soluble blood gelling agent to thicken and bind 
menstrual fluid within the superabsorbent article. According to the *784 patent, the 
blood gelling agents react with the protein present in blood or menstrual fluid, form 
particulate disordered structures according to the fourth class of gels defined *by Flory, 
which are essentially completely water soluble, essentially completely linear, and which 
when placed in water will not form a Class 4 gel without the presence of blood protein. 
Such water soluble gelling agents are susceptible to the same risks as the water-soluble 
hydrophillic polymers discussed above with respect to the 784 patent. 

U.S. Patent No. 5,241,009 describes polycarboxyl group containing 
superabsorbents wherein neutralization of said carboxyl groups with potassium or 
lithium is described as providing a polymeric composition specifically adapted to 
absorb proteinaceous fluids, such as blood. 

It would be advantageous to provide a superabsorbent material and 
composition which can be used in sanitary superabsorbent articles, such as sanitary 
napkins, and surgical wipes, which have a blood absorbent capacity and blood 
retention properties that would make them suitable choices for improving the blood 
absorbency of such articles. It would further be advantageous to provide such 
superabsorbent materials in a manner that is compatible with existing methods of 
producing such materials and incorporating them into absorbent articles. It would also 
be advantageous to provide such superabsorbent materials that do not suffer from the 
drawbacks of prior materials for absorbing serious fluids, such as blood. 

Summary of the Invention 
The foregoing and other advantages are provided by the superabsorbent 
materials and compositions and methods of producing the superabsorbent materials 
and compositions in accordance with the present invention. Applicants have found 
that certain of the binders described in the earlier filed applications referenced above, 
when combined with superabsorbent materials as described below, surprisingly 
enhance the blood absorbence properties of the superabsorbent material and 
compositions containing the superabsorbent material and enhancing agents. The 
advantages of the present invention are obtained by providing superabsorbent materials 
in combination with enhancing agents that enhance the blood absorbence properties 
such as free swell blood absorbent capacity and after load blood absorbent capacities, 
of the superabsorbent materials, and compositions containing the same. 
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In accordance with the present invention, the enhancing agents can be 
provided with the superabsorbent materials in several ways, e.g., at least partially 
coating the superabsorbent material with the enhancing agent, at least partially 
embedding the enhancing agent in the superabsorbent material, or providing a mixture 
of superabsorbent material and a fibrous material at least partially coated with the 
enhancing agent. The enhancing agents can be polymeric enhancing agents, non- 
polymeric organic enhancing agents, or nonreactive combinations thereof with each 
other. 

In one aspect of the present invention, when the polymeric enhancing 
agent is to be applied to the superabsorbent material, it includes enhancing agent 
molecules that have at least one functional group capable of forming a hydrogen bond 
or a coordinate covalent bond with the superabsorbent material. The enhancing agent 
is applied to the superabsorbent material to at least partially coat the superabsorbent 
material, and/or partially embed the enhancing agent in the superabsorbent material, 
and enhance the blood absorbence properties, such as free swell blood capacity and 
after load blood capacity, of the superabsorbent material. 

In a preferred embodiment of this aspect of the present invention, the 
polymeric enhancing agent is present in an amount ranging from about 0.01% to about 
3% of the weight of the superabsorbent material; more preferably about 0.01% to 
about 1.0% and the free swell blood absorbent capacity of the treated superabsorbent 
material is preferably at least 1.15 times, and more preferably at least 1.5 times the free 
swell blood absorbent capacity of the untreated superabsorbent material. In another 
preferred embodiment, the after load blood absorbent capacity of the treated 
superabsorbent material is preferably at least 1.15, and more preferably 1.5 times the 
after load blood absorbent capacity of the untreated superabsorbent material. 

In still another preferred embodiment of this aspect of the present 
invention; the superabsorbent material includes superabsorbent particles that can be 
combined with a fibrous material to form an superabsorbent web or pad. 

In accordance with this aspect of the present invention, the 
superabsorbent material treated with enhancing agent can be shipped to distribution 
points (for example, a customers facility) where enhancing agent containing 
superabsorbent materials are further processed, e.g., combining with a fibrous material. 
Alternatively, the superabsorbent material treated with enhancing agent may be 
combined with a fibrous material by manufacturers of the fibrous material. 

The polymeric enhancing agent may be selected from the group 
consisting of polyglycols [especially polyethylene glycol or poly(propyleneglycol)], a 
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polycarboxylic acid, a polycarboxylate, a poly(lactone) polyol, such as diols, a 
polyamide, a polyamine, a poly sulfonic acid, a polysulfonate and combinations thereof 
Specific examples of some of these enhancing agents, without limitation, are as 
follows: polyglycols include polypropylene glycol (PPG) and polyethylene glycol 
5 (PEG); poly(lactone) polyols include poly(caprolactone) diol; polycarboxylic acids 
include polyacrylic acid (PAA); polyamides include polyacrylamide or polypeptides; 
polyamines include polyethylenimine and polyvinylpyridine; polysulfonic acids or 
polysulfonates include poly(sodium-4-styrenesulfonate) or poly(2-acrylamido- 
methyl-l-propanesulfonic acid); and copolymers thereof (for example a polypropylene 

10 glycol/polyethylene glycol copolymer). The polymeric enhancing agent typically has 
repeating units. The repeating unit may be the backbone of a compound, such as with 
a polypeptide, wherein the repeating polyamides occur in the peptide chain. The 
repeating unit may also refer to units other than those in the backbone, for instance a 
repeating acrylic acid unit. In such a case, the repeating units may be the same or 

1 5 different. In accordance with this aspect of the present invention, when the enhancing 
agent is applied to the superabsorbent material, the polymeric enhancing agent has a 
functional group capable of forming a hydrogen bond or a coordinate covalent bond 
with the superabsorbent material, and optionally, when the superabsorbent material is 
to be combined with a fibrous material, a functional group capable of forming a 

20 hydrogen bond with the fibrous material and, thus, binding the superabsorbent material 
to the fibrous material. At this time, a most preferred polymeric enhancing agent is 
polyethylene glycol. 

In accordance with this aspect of the present invention, the non- 
polymeric enhancing agent has a volatility less than water, a functional group that is 

25 capable of forming a hydrogen bond or coordinate covalent bond with the 
superabsorbent material, and preferably where the superabsorbent material is to be 
combined with and bound to a fibrous material, a functional group that is capable of 
forming a hydrogen bond with the fibrous material. The non-polymeric enhancing 
agent is an organic enhancing agent, and preferably includes, without limitation, a 

30 functional group selected from the group consisting of a carboxyl (for example, 
carboxylic acids), a carboxylate, a carbonyl (for example, aldehydes), a sulfonic acid, a 
sulfonamide, a sulfonate, a phosphoric acid, a phosphoramide, a phosphate, an amide, 
an amine, a hydroxyl (such as an alcohol) and combinations thereof (for example, an 
amino acid or an hydroxy acid), wherein there is at least one functionality on the 

35 molecule selected from this group. Examples of such enhancing agents include 
polyols, polyamines (a non-polymeric organic enhancing agent with more than one 
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amine group), polyamides (a non-polymeric organic enhancing agent with more than 
one amide group), polycarboxylic acids (a non-polymeric organic enhancing agent with 
more than one carboxylic acid functionality), polyaldehydes (a non-polymeric organic 
enhancing agent with more than one aldehyde), amino alcohols, hydroxy acids and 
5 other enhancing agents. These enhancing agents have functional groups that are 
capable . of forming the specified bonds with the superabsorbent material and, when 
necessary and preferred, with the fibrous material. 

More preferably, the non-polymeric organic enhancing agent is selected 
from the group consisting of glycerin, a glyceride monoester, a glycerin diester, 

10 ascorbic acid, urea, glycine, ammonium citrate, taurine (2-aminoethanesulfonic acid), 
dipropylene glycol, ^-aminosalicylic acid, sorbitol, lactic acid, and combinations 
thereof. The preferred enhancing agents are non-polymeric molecules with a plurality 
of hydrogen bonding functionalities. Particularly preferred enhancing agents include 
those that can form five or six membered rings, most preferably six membered rings, 

15 with a functional group on the superabsorbent material surface. At present, glycerin, 
sorbitol, lactic acid, and combinations thereof are a particularly preferred enhancing 
agents. 

In accordance with the present invention, the superabsorbent material 
treated with the polymeric or non-polymeric enhancing agent may or may not be 

20 combined with and/or bound to the fibrous material, although it is preferred from the 
standpoint of retention of superabsorbent material within an superabsorbent article. 
The fibrous material that the superabsorbent material is combined with may be natural 
fibers, such as cellulosic fibers or synthetic fibers. In one preferred embodiment, an 
superabsorbent product formed in accordance with the present invention includes a 

25 fibrous cellulosic mat that contains superabsorbent hydrogel particles in particulate 
form at least partially coated with enhancing agent and/or with enhancing agent at least 
partially embedded in its structure. Other superabsorbent materials such as 
superabsorbent granules and superabsorbent fibers may benefit from the treatment of 
the present invention. The superabsorbent particles are capable of forming hydrogen 

30 bonds or coordinate covalent bonds with the enhancing agent. The amount of 
enhancing agent present typically depends on a number of factors, including the nature 
of the enhancing agent and the superabsorbent particles. Hence, one skilled in the art 
will realize that the enhancing agent and the amount of enhancing agent suitable and 
particularly useful for a particular application will vary. However, the non-polymeric 

35 enhancing agent may suitably be present in an amount of from about 0.01% to 10% of 
the total weight of the superabsorbent materials, preferably from about 0.01% to 3%, 
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and more preferably about 0.01% to 1%. When the nonpolymeric enhancing agent is 
used in accordance with this aspect of the present invention, the free swell blood 
absorbent capacity of the treated superabsorbent material is preferably at least 1.2 
times, and more preferably at least double the free swell blood absorbent capacity of 
5 the untreated superabsorbent material. In another preferred embodiment, the after 
load blood absorbent capacity of the nonpolymeric enhancing agent treated 
superabsorbent material is preferably at least 1 .2 times, and preferably at least double 
the after load blood absorbent capacity of the untreated superabsorbent material. If 
the superabsorbent particles of the present invention are present in a fibrous 

10 superabsorbent structure, they will be present in an amount of about 0.05% to 80% of 
the total weight of the fibrous material and the particles, preferably 1% to 80% or 3% 
to 80%, or more than 3% by weight. A particularly suitable range of particles is 5% to 
70% by weight of the fibrous material and particles. An example of a suitable 
superabsorbent particle is a superabsorbent polymer, such as a starch-graft 

15 polyacrylate hydrogel fine or larger size particle, such as a granule, which is capable of 
forming hydrogen bonds with the enhancing agent. 

The enhancing agent can be applied to the superabsorbent material in a 
number of ways, for example, by spraying the enhancing agent or agents onto the 
superabsorbent materials or slurrying or immersing them in the enhancing agent. 

20 In a second aspect of the present invention, a blood absorbent 

composition of fibrous material and superabsorbent material is provided wherein the 
fibrous material has been at least partially coated with an .enhancing agent, wherein 
combining the enhancing agent coated fibrous material with a superabsorbent material 
enhances the blood absorbent properties of the superabsorbent material and mixture, 

25 e.g., free swell blood absorbent capacity and after load blood absorbent capacity. As 
with the first aspect of the present invention summarized above, the enhancing agent 
may be either polymeric or nonpolymeric in nature and includes enhancing agent 
molecules. 

In accordance with this aspect of the present invention, the polymeric 
30 enhancing agent may be selected from the group of polymeric enhancing agents 
summarized above with respect to the aspect wherein an enhancing agent is applied to 
the superabsorbent material. The polymeric enhancing agent molecules useful in this 
aspect have at least one functional group capable of forming a hydrogen bond 
coordinate covalent bond with the superabsorbent material. 
35 The non-polymeric enhancing agent useful for application to the fibrous 

material in accordance with this aspect of the present invention has a volatility less 
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than water. Suitable non-polymeric enhancing agent molecules have at least one 
functional group that is capable of forming a hydrogen bond or coordinate covalent 
bond with the superabsorbent material. The non-polymeric enhancing agent is an 
organic enhancing agent, and includes those non-polymeric organic enhancing agents 
summarized above with respect to the aspect of the present invention wherein an 
enhancing agent is applied to the superabsorbent material. 

More preferably, in accordance with this aspect of the present 
invention, the organic non-polymeric enhancing agent is selected from the group 
consisting of glycerin, a glycerin monoester, a glycerin diester, ascorbic acid, urea, 
glycerin, ammonium citrate taurine (2-aminoethanesulfonic acid), p-aminosalicylic 
acid, dipropylene glycol, sorbitol, lactic acid, and combinations thereof. In accordance 
with this aspect of the present invention, particularly preferred enhancing agents 
include those that can form five or six membered rings, most preferably six membered 
rings, with a functional group on or close to the superabsorbent material surface. At 
present, glycerin, sorbitol, lactic acid, and combinations thereof are particularly 
preferred, with glycerin being more particularly preferred. 

The fibrous material useful in accordance with this aspect of the present 
invention may be natural fibers, such as cellulosic or synthetic fibers. It has been found 
that whether the enhancing agent treated fibrous material and the superabsorbent 
material are combined, the superabsorbent material exhibits blood absorbence 
properties that are enhanced, and accordingly the mixture of superabsorbent material 
and treated fibrous material exhibit blood absorbence properties that are enhanced 
compared to a mixture of untreated fibrous material and the superabsorbent material. 
Accordingly, a superior superabsorbent composition is produced that has improved 
blood absorbent properties, such as free swell blood capacity and after load blood 
capacity. 

In one preferred embodiment of this aspect of the present invention, an 
absorbent product comprises a fibrous cellulosic mat that contains superabsorbent 
hydrogel particles in particulate form. The superabsorbent particles are capable of 
forming hydrogen bonds or coordinate covalent bonds with the enhancing agent, 
depending upon the enhancing agent, while depending on its functionality the 
enhancing agent may form hydrogen bonds with the hydroxyl groups of the cellulose 
fibers. The amount of enhancing agent present typically depends on a number of 
factors, including the nature of the enhancing agent and superabsorbent particles. 
Hence, one skilled in the art will realize that the amount of enhancing agent suitable 
and particularly useful for a particular application will vary. However, the enhancing 
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agent may suitably be present in an amount of from about 2% to 30% of the total 
weight of the fibrous material and enhancing agent. An especially suitable range of 
enhancing agent is about 2% to 15% of the total weight of the fibrous material and 
enhancing agent. The superabsorbent particles may suitably be present in an amount 
5 of about .05% to 80%, preferably about 1% to 80% or about 3% to 80%, or more 
than about 3% by weight of the total weight of the fibrous material and the particles. 
A particularly suitable range of particles is about 5% to 70% by weight of the fibrous 
material and particles. An example of a suitable particle is a superabsorbent polymer 
such as a starch graft polyacrylate hydrogel fine or larger size particle such as a 
10 granule. In a preferred embodiment of this aspect of the present invention, the after 
load blood absorbent capacity of a mixture of enhancing agent treated fibrous material 
and superabsorbent particles is at least 1.3 times the after low blood absorbent capacity 
of a mixture of untreated fibrous material and superabsorbent particles. 

In especially preferred embodiments of this aspect of the present 
15 invention, the fibers are cellulosic and the particles are superabsorbent particles. The 
fibers may also be continuous or discontinuous synthetic or natural fibers. 

When the preferred liquid enhancing agent is used (for example, 
glycerin or a solution of glycine powder), the fibers suitably contain at least about 
0.5% water by weight. A solid enhancing agent is suitably used with fibers having less 
20 than 0.5% water by weight if the enhancing agent is heated above its melting point to 
liquefy it. The solid can be applied to the fibers as a hot saturated solution or the solid 
enhancing agent may be heated above its melting point to liquefy the enhancing agent, 
which is later applied to the fibers. The enhancing agent may be thermoplastic or 
£^ meltable, such that it can be heated above its melting point/or softening point and then 

25 cooled to fiise fibers to each other. The thermoplastic properties of the enhancing 
agent can also provide mechanical adherence between the particles and fibers. 

The present invention also is directed to absorbent products produced 
by any of the methods described herein, and to absorbent articles comprised of such 
absorbent products. 

30 

Brief Description of the Drawings 
The foregoing aspects and many of the attendant advantages of this 
invention will become more readily appreciated as the same becomes better understood 
by reference to the following detailed description, when taken in conjunction with the 
35 accompanying drawings, wherein: 
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FIGURE 1 is a schematic illustration of a wet laid sheet manufacturing 
line illustrating the application of enhancing agent coated particles in accordance with 
the present invention during the-manufacture of a fibrous sheet; 

FIGURE 2 is a schematic illustration of a web manufacturing line for 
combining enhancing agent coated particles and fibrous material in accordance with 
the present invention; 

FIGURE 3 is a schematic depiction of the components of an apparatus 
of the present invention that produce high bulk fibers; 

FIGURE 4 is a top plan view of a structure into which particles with 
enhancing agent applied are combined with fibers, the fibers being in the form of an 
illustrated absorbent pad; 

FIGURE 5 represents a partial sectional view of the pad of FIGURE 4; 

FIGURE 6 illustrates a plan view of a bandage incorporating particles 
with enhancing agent applied thereto and fibers in accordance with the present 
invention; and 

FIGURE 7 is a sectional view of the bandage of FIGURE 6, taken 
along line 7-7 of FIGURE 6. 

Detailed Description of the Preferred Embodiment 
In accordance with the present invention, applicants have discovered 

* 

that superabsorbent material, when combined with enhancing agents as described 
below in more detail, enhance the blood absorbence properties, e.g., free swell blood 
capacity and after load blood capacity of the superabsorbent material. The enhancing 
agents useful in accordance with the present invention are preferably selected from 
materials that have been found to be useful as binders for binding particles to fibrous 
materials, as described in the U.S. patent applications referenced above. The following 
description will first describe a first aspect of the present invention wherein the 
enhancing agent is applied to a superabsorbent material, and then describe a second 
aspect of the present invention wherein the enhancing agent is applied to the fibrous 
material which is then combined with a superabsorbent material. The following 
description refers to wood pulp fibers such as cellulose fibers and superabsorbent 
particles for purposes of clarity. It should be understood that wood pulp fibers and 
superabsorbent particles are representative of the fibrous materials and superabsorbent 
materials useful in accordance with the present invention. 

Though not intended to be limited to the following theory, it is believed 
that the ability of the enhancing agents described herein to increase the blood 
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absorbence properties of superabsorbent materials may result from at least partial 
bonding of the enhancing agent either on the surface or at least partially embedded into 
the surface of the superabsorbent material. Such bonding of the enhancing agents to 
the superabsorbent material is believed to "hold open" the absorbent matrix of the 
5 superabsorbent material and modify its hydrophilicity or hydrophobicity, thus allowing 
the superabsorbent material to readily absorb and retain serous bodily fluids such as 
blood. 

I. Enhancing Agent on Superabsorbent Material 
10 In accordance with this aspect of the present invention, enhancing agent 

is applied to superabsorbent materials in order to enhance the blood absorbence 
properties of the superabsorbent material. The application of the enhancing agent to 
the absorbent materials is described below in more detail. This aspect of the present 
invention is described below in the context of the manufacture of a product that 
15 includes superabsorbent material treated with an enhancing agent in accordance with 
this aspect of the present invention and a fibrous material. The product used for the 
following description is a mat of cellulose fibers combined with the superabsorbent 
material treated with enhancing agent. 

20 A. Processing of Absorbent Materials 

In a preferred embodiment the added superabsorbent material is 
superabsorbent particles, which comprise polymers that swell on exposure to water 
and form a hydrated gel (hydrogel) by absorbing large amounts of water. 
^) Superabsorbents are defined herein as materials that exhibit the ability to absorb large 

25 quantities of liquid, i.e., in excess of 10 to 15 parts of liquid per part thereof. These 
superabsorbent materials generally fall into three classes, namely starch graft 
copolymers, cross-linked carboxymethylcellulose derivatives and modified hydrophilic 
polyacrylates. Examples of such absorbent polymers are hydrolyzed starch- 
acrylonitrile graft copolymer, a neutralized starch-acrylic acid graft copolymer, a 

30 saponified acrylic acid ester-vinyl acetate copolymer, a hydrolyzed acrylonitrile 
copolymer or acrylamide copolymer, a modified cross-linked polyvinyl alcohol, a 
neutralized self-crosslinking polyacrylic acid, a cross-linked polyacrylate salt, 
carboxylated cellulose, and a neutralized cross-linked isobutylenemaleic anhydride 
copolymer. Once polymerized, whether by solution polymerization or by inverse 

35 phase polymerization, these materials are typically dried and ground. At this point, the 
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materials may be treated with the enhancing agent in a variety of commercially 
available mixing devices. 

B. Processing of Fibers 

FIGURE 1 illustrates a wet laid sheet manufacturing line such as a pulp 
sheet manufacturing line 10. In this manufacturing line, a pulp slurry 12 is delivered 
from a headbox 14 through a slice 16 and onto a Fourdrinier wire 18. The pulp 
slurry 12 typically includes cellulose fibers such as wood pulp fibers and may also 
include synthetic or other non-cellulose fibers as part of the slurry. Water is drawn 
from the pulp deposited on wire 1 8 by a conventional vacuum system, not shown, 
leaving a deposited pulp sheet 20 which is carried through a dewatering station 22, 
illustrated in this case as two sets of calendar rolls 24, 26 each defining a respective nip 
through which the pulp sheet or mat 20 passes. From the dewatering station, the pulp 
sheet 20 enters a drying section 30 of the pulp manufacturing line. In a conventional 
pulp sheet manufacturing line, drying section 30 may include multiple canister dryers 
with the pulp mat 20 following a serpentine path around the respective canister dryers 
and emerging as a dried sheet or mat 32 from the outlet of the drying section 30. 
Other alternate drying mechanisms, alone or in addition to canister dryers, may be 
included in the drying stage 30. The dried pulp sheet 32 has a maximum moisture 
content pursuant to the manufacturer's specifications. Typically, the maximum 
moisture content is no more than 1 0% by weight of the fibers and most preferably no 
more than about 6% to 8% by weight. Otherwise, the fibers tend to be too damp. 
Unless overly damp fibers are immediately used, these fibers are subject to degradation 
by, for example, mold or the like. The dried sheet 32 is taken up on a roll 40 for 
transportation to a remote location, that is, one separate from the pulp sheet 
manufacturing line, such as at a user's plant for use in manufacturing products. 
Alternatively, the dried sheet 32 is collected in a baling apparatus 42 from which bales 
of the pulp 44 are obtained for transport to a remote location. 

An enhancing agent of the type explained in detail below is applied to 
superabsorbent particles, as described below, such as superabsorbent particles, and 
then the enhancing agent treated particles are applied to the pulp sheet from one or 
more particle applying devices, one of which is indicated at 50 in FIGURE 1. Any 
enhancing agent applying device may be used for applying enhancing agent to the 
superabsorbent particles, such as sprayers, or immersion applicators or the like. 
Sprayers are typically easier to utilize and incorporate into a pulp sheet manufacturing 
line. The enhancing agent is applied to the particles and then the particles are 
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deposited onto the pulp sheet. The enhancing agent also may be sprayed or otherwise 
applied to the particles as they fall or are otherwise deposited onto the sheet. As 
indicated by the arrows 52, 54 and 56, the enhancing agent treated particles may be 
applied at various locations or at multiple locations on the pulp sheet manufacturing 
5 line, such as ahead of the drying stage 30 (indicated by line 52), intermediate the 
drying stage 30 (as indicated by line 54), or downstream from the drying stage 30 (as 
indicated by the line 56). Particles with water-soluble enhancing agents, such as non- 
polymeric urea, are typically applied at a location where sufficient drying can still take 
place in the drying stage to produce a drier enhancing agent treated particle containing 
10 fiber sheet with no more than maximum desired moisture content. Consequently, to 
take advantage of the drying stage 30, particles with wet water-based enhancing agents 
may be applied at locations 52 or 54. If wet water-based enhancing agent containing 
particles are applied at location 56 in an amount which would cause the moisture 
content of the sheet to exceed the desired maximum level, an additional drying stage 

15 (not shown) may be included in the pulp manufacturing line to bring the moisture 
content down to the desired level. 

Superabsorbent particles with a non-aqueous based enhancing agent, 
such as glycerin, would most preferably be added downstream from the drying stage at 
location 56 or during the drying stage as indicated by location 54. However, particles 

20 with liquid non-aqueous enhancing agents may also be added at a location, such as 
location 52, upstream of the drying stage. At this latter location, the water in the wet 
web at this point may tend to attract these enhancing agents into the mat or sheet as 
many of the enhancing agents tend to be hydroscopic. Since non-aqueous enhancing 
agents typically do not enhance the degradation of the product due to the addition of 

25 moisture to the sheet, particles with such enhancing agents can be applied downstream 
from the drying stage without bringing the moisture content of the sheet above the 
desired maximum level. 

Again, the enhancing agent treated superabsorbent materials, selected 
as explained below, may be added to the sheet on the pulp manufacturing line. 

30 Another suitable absorbent material applicator is indicated at 60 and may comprise a 
bulk or volumetric metering device. These superabsorbent materials may be sprinkled, 
poured or otherwise added to the sheet. 

Although the above approach is advantageous because the 
superabsorbent particles are incorporated into the fibers at a single processing site, 

35 during transportation of rolls or bales of these fibers it is possible for the particles to 
become dislodged by mechanical impact during transport. In addition, this approach 
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interferes with the customization of the fiber application at a user's location. For 
example, a user may want the capability of selecting particular types or brands of 
superabsorbent particles for combination with the fibers in the user's products, without 
having this selection made by a pulp-sheet manufacturer who incorporates the particles 
5 into the pulp sheet during its manufacture. Also, certain particles may degrade over 
time, making it advantageous to add such particles immediately prior to incorporation 
into products. For example, some superabsorbent particles are susceptible for 
absorbing moisture from the atmosphere during shipment. Therefore, it is also 
advantageous to provide a fibrous product in which the end user of the product may 

10 incorporate the desired superabsorbent particles treated with enhancing agents in 
accordance with this aspect of the present invention at the time the fibers are 
converted into products. 

Therefore, in keeping with this latter preferred approach, as illustrated 
in FIGURE 2, the respective rolls 40 or bales 44 of fibers, without particles, are 

15 transported to a remote location for use by a user. These rolls or bales (or otherwise 
transported fibers, e.g., bagged, containerized or otherwise in bulk form) are then 
refiberized by a fiberizing apparatus 70. Although any fiberizer may be used, a typical 
fiberizing apparatus 70 is a hammermill which may be used alone or in conjunction 
with other devices such as picker rolls or the like for breaking up the sheet 32 or 

20 bales 42 into individual fibers. 

A particulate material adding mechanism 72 (e.g., like mechanism 60) 
delivers the desired enhancing agent treated particulate materials to the fibers at the 
desired location in the user's process. Again, the device 72 typically comprises a 
metering mechanism, although any suitable device for adding particulates to fibrous 

25 materials may be used. For example, the particulates may be delivered as indicated by 
line 74 to the fiberizing apparatus 70. Enhancing agent may also be combined with the 
particles as the particles are added to the fiber sheet. As yet another alternative, the 
fiberized fibers are delivered to an air-laying device 90 and reformed into a desired 
product such as a web indicated at 92. In addition, the enhancing agent treated 

30 particles may be applied to specifically defined locations on the web 92, such as in 
target zones of an absorbent core of a product, thereby minimizing the wasting of the 
superabsorbent material. A specific example of a target zone is the crotch region of a 
feminine napkin where most napkin wetting would occur. The application of 
superabsorbent particles to such a zone places these particles at a location where they 

35 are most useful in absorbing liquid, e.g., blood. The web 92, with or without other 
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components of the end user's product, is then processed into the user's product, such 
as being included within a feminine hygienic product 100. 

Again, with this approach, the end user of the fibers may readily select 
enhancing agent treated superabsorbent particles to be applied to its product. In 
5 addition, the user has flexibility in air laying fibers with enhancing agent treated 
particles or otherwise combining the enhancing agent treated particles into a finished 
product with the desired particulates. Accordingly, handling and shipping of the 
particulate-containing products is avoided by the manufacturer of the pulp sheet, 
which means that the particles are not subjected to mechanical forces between the 
10 location of manufacture of the fibers and the location at which the superabsorbent 
materials treated with enhancing agents are added. 

C. Fiber Characteristics 

The present invention includes a method of enhancing the blood 

15 absorbent properties of absorbent materials such as superabsorbent particles, and the 
product, including absorbent end-products, that are produced by such method. In 
particularly preferred embodiments, the product is a fibrous material such as cellulosic 
or synthetic fiber combined with superabsorbent material, such as superabsorbent 
hydrogel polymer particles treated with an enhancing agent, and absorbent products 

20 made therefrom. Suitable fibers include bulk fibers in roll form having a basis weight 
of at least 350 grams per square meter (g/m 2 ) or bale form. The bulk fibers can have a 
density of at least about 400 kg/m 3 . Preferred bulk fibers are wood pulp fibers or 
softwood pulp fibers. The pulp fibers may be chemical or thermomechanical or 
chemithermomechanical or combinations thereof. The preferred pulp fiber is chemical. 

25 Suitable fibers include wood-pulp fibers, which can be obtained from well known 
chemical processes such as the Kraft and sulfite processes. In these processes, the best 
starting material is prepared from long fiber coniferous wood species, such as pine, 
douglas fir, spruce and hemlock. Wood pulp fibers can also be obtained from 
mechanical processes, such as ground wood, mechanical, thermomechanical, 

30 chemimechanical, and chemithermomechanical pulp processes. The fibers are 
preferably elongated, for example having a length to width ratio of about 100:1 to 5:1. 

The fibers of the present invention also include fibers that are pretreated 
prior to combination with the enhancing agent treated superabsorbent material. This 
pretreatment may include physical treatment, such as subjecting the fibers to steam or 

35 chemical treatment, such as cross-linking the fibers. Although not to be construed as a 
limitation, examples of pretreating fibers include the application of chelators, 
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deodorants, or hemostatics to the fibers, such as by spraying the fibers with hemostatic 
chemicals. Specific hemostatic chemicals include, by way of example, cephalin, 
ethamsylate, hydrastanine hydrochloride, etc. In addition, the fibers may be pretreated 
with surfactants or other liquids, such as water or solvents, which modify the surface 
of the fibers. Other pretreatments include exposure to antimicrobials or pigments. 

The fibers also may be pretreated in a way which increases their 
wettability. The fibers also may be pretreated with conventional cross-linking 
materials and may be twisted or crimped, as desired. Pretreating cellulose fibers with 
chemicals which result in lignin or cellulose rich fiber surfaces also may be performed 
in a conventional manner. 

Bleaching processes, such as chlorine or ozone/oxygen bleaching may 
also be used in pretreating the fibers. In addition, the fibers may be pretreated, as by 
slurrying the fibers in baths containing various solutions. For example, antimicrobial 
solutions (such as solutions of antimicrobial particles as set forth below), as well as 
solutions of fragrances and flavors, for release over time during the life of the fibers. 
Fibers pretreated with other chemicals, such as thermoplastic and thermoset resins also 
may be used. Combinations of pretreatments also may be employed with the resulting 
pretreated fibers then being combined with the enhancing agent treated absorbent 
materials as explained above. 

Ground wood fibers, recycled or secondary wood-pulp fibers, and 
bleached and unbleached wood-pulp fibers can be used. Details of the production of 
wood pulp fibers are well known to those skilled in the art. These fibers are 
commercially available from a number of companies, including Weyerhaeuser 
Company, the assignee of the present invention. The fibers also can be any of a variety 
of other natural or synthetic fibers. This does not preclude the blending of more than 
one kind of fiber. 

In certain embodiments, in accordance with this aspect of the present 
invention, as described below in more detail, fibers with hydrogen bond forming 
functionality may be desirable for bonding treated superabsorbent particles to the 
fibers. A hydrogen bond is an intermolecular force that occurs between hydrogen 
atoms that are covalently bonded to small, strongly electronegative elements (such as 
nitrogen and oxygen) and nonbonding electron pairs on other such electronegative 
elements. A hydrogen bonding functionality is a functional group that contains an 
oxygen or nitrogen atom, for example hydroxyls, carboxyls, sulfonic acids, 
sulfonamides, ethers, esters, epoxides, carbonyls, amines, urethanes and others, that is 
capable of forming a hydrogen bond. The orbitals of the nonbonding electron pairs on 
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the oxygen or nitrogen overlap with the relatively empty Is orbital of the hydrogen 
covalently bonded to another nitrogen or oxygen atom. The Is orbital of the hydrogen 
is relatively empty due to the unequal sharing of the electrons in the covalent bond 
between it and the small electronegative atom (oxygen or nitrogen) to which it is 
5 bound. 

Specific examples of natural fibers that contain a hydrogen bonding 
functionality include chopped silk fibers, wood pulp fibers, bagasse, hemp, jute, rice, 
wheat, bamboo, corn, sisal, cotton, flax, kena£ peat moss, and mixtures thereof. 
Suitable synthetic fibers with hydrogen bonding functionalities include acrylic, 
10 polyester, carboxylated polyolefins, rayon and nylon. The hydrogen-bonding 
functionality is an ester in acrylic fibers and a carboxylic acid in carboxylated polyolefin 
fibers, an ester in polyester, an amide in nylon, and a hydroxyl in rayon. 

For purposes of convenience, and not to be construed as a limitation, 
the following description proceeds with reference to individual chemical wood-pulp 
15 fibers. The fibers are individualized, for example by defiberization in a hammermili. 
Such individualized fibers are conventionally formed into a mat, and are commercially 
available, for example as NB 416 fibers from the Weyerhaeuser Company. Another 
suitable cellulosic mat would include Rayfloc JLD from ITT Rayonier. The cellulose 
fibers may be in the form of a cellulosic web or loose cellulose fibers. 
20 The particles with enhancing agents of the present invention may be 

used in combination with fibers that have substantial intrafiber covalent crosslinks 
(such as HBA available from Weyerhaeuser) or fibers which are substantially free 
of intrafiber covalent crosslinkdng. Examples of individualized intrafiber cross- 
linked fibers are seen in European Patent Applications 440 472 Al and 427 317 A2, 
25 which produce products that those publications describe as being substantially free 
of interfiber bonds. The fibers of the present invention do not need to be processed 
as in those European applications to eliminate interfiber bonds. Particles at least 
partially coated with enhancing agents of the present invention can therefore be used 
with natural fibers that have substantial interfiber bonding, which are defined as 
30 fibers that have not been processed as in European Applications 440 472 Al and 
427 317 A2 to substantially eliminate interfiber bonds. Cellulose fibers that have 
not been so processed are substantially free of intrafiber bonds. 

The fibrous product of the present method (with or without intrafiber 
crosslinking) may further be densified by external application of pressure. The 
35 densified product is compact and easily transported. The resulting fibrous product 
with incorporated superabsorbent materials has superior blood absorbent properties 
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as compared to untreated products. The inventors have found that the enhancing 
agents of the present invention produce a product that exhibits enhanced blood 
absorbent properties, such as free swell blood capacity and after load blood 
capacity. 

5 

D. Superabsorbent Material Chara cteristics 

In accordance with the present invention, superabsorbent materials may 
be added to the fibers to give the resulting structure desired properties, such as, by 
way of example only, increased absorbency. The superabsorbent material can be any 
10 material, such as particles, granules, or fibers and the like that have the desired 
property and which is capable of forming hydrogen bonds or coordinate covalent 
bonds with the enhancing agent. A preferred superabsorbent material includes 
superabsorbent particles as described below in more detail. In the following 
description, the superabsorbent material characteristics are described in the context of 

15 the exemplary superabsorbent particles. 

Hydrogen bonds can be formed, as discussed above, in superabsorbent 
particles that contain certain functional groups, particularly those having oxygen or 
nitrogen atoms. Coordinate covalent bonds, in contrast, are formed by donation of an 
unshared pair of electrons on one atom to an empty orbital of another atom. 
20 Coordinate covalent bonds differ from covalent bonds in that covalent bonds are 
formed by a pair of electrons wherein one of the electrons is donated from each of the 
atoms that participate in the bond. Particles can form coordinate covalent bonds if 
they have an empty p or d or/ orbital that is capable of accepting a pair of electrons 
from an oxygen or nitrogen atom in the enhancing agent structure. 
25 A coordinate covalent bond occurs between a donor atom that has an 

unshared pair of electrons to donate to the bond, and an acceptor atom that has an 
empty orbital to accept the unshared pair of electrons from the donor. According to 
the Aufbau and Pauli principles, electrons occupy the lobes of atomic orbitals one at a 
time with a maximum of two electrons (with opposite spins) per lobe. The most basic 
30 orbital is the s orbital, which is available for bonding the elements in the first row of 
the periodic table. In the second row of the periodic table, electrons fill first the 2s 
orbital of lithium and beryllium. However, metals in periods less than three do not 
have sufficient affinity for electrons to participate in coordinate covalent bonding. 
Beginning with Group IIIB (boron), the three p orbitals may participate in coordinate 
35 covalent bonding and the lobes of the p orbitals begin to fill. Boron has one electron in 
one of the 2p orbitals, thus leaving the other 2p orbitals empty and available for 
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coordinate covalent bonding. An example of a coordinate covalently bonded boron 
containing particle is boric acid. As shown below, the boron atom of boric acid acts as 
an acceptor for a lone pair of electrons donated by an oxygen atom of polypropylene 
glycol (PPG), thereby forming a coordinate covalent bond between a boric acid 
particle and PPG. This is not representative of typical boron chemistry and is included 
for illustrative purposes only. 



CH3 CH3 




PPG (^-^v^o-^^ 0 ^ ) (^V^O^ °\ ) 



CH3 CH3 



boric acid 



^O-H 



0) 



The next element, carbon, usually hybridizes to have one electron in 
the 2s orbital and the three remaining electrons are singly placed in the three p orbitals. 

10 This leaves no lobes empty for coordinate covalent bonding and electron additions 
proceeding further across that row of the periodic table also leave no lobes empty. 
Hence, boron is the only element in the second row of the periodic table that is capable 
of forming coordinate covalent bonds. 

Next the third row begins to fill, and the two 3s electrons fill first in 

15 sodium and magnesium, and these metals now have available d orbitals to form 
coordinate covalent bonds as discussed above. Then aluminum, like boron, places one 
electron in one of the 3p lobes, and the two other 3p lobes are empty and available for 
coordinate covalent bonding. The same trends continue across the third row, but the 
third row elements also have available five 3d lobes so the potential for coordination 

20 bonding exists even though 3p orbitals are occupied in the third row. Hence, 
aluminum, phosphorous, sulfur, and chlorine are capable of accepting a pair of 
electrons from an electron-pair donor to form a coordinate covalent bond. An 
example of this is found in the bonding in aluminum hydroxide or phosphorous 
pentasulfide. An example of a coordinate covalently bonding aluminum compound is 

25 aluminum hydroxide, which may participate in a coordinate covalent bond with 
polypropyleneglycol polymer. In this example, the aluminum atom of aluminum 
hydroxide acts as an electronic acceptor for an electron pair donated by an oxygen 
atom of the polypropylene glycol. This is not representative of typical aluminum 
chemistry and is included for illustrative purposes only. 
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CH3 CH3 



PPG (/Vo^ ) (/°Y^O^°^ ) 



CH3 CH3 



Aluminum /°~ AI n. ^Al 
trihydrate h ^O-H h X>-H 

(2) 

In the next row, the 4s orbital is filled first, then the 3d lobes begin to 
fill one electron per lobe until all have added a single then a second electron to each 
lobe until all lobes are filled. However, Ap and 4/ orbitals also are available, hence 
5 many of the transition elements are capable of forming coordinate covalent bonds. 

The elements that have empty orbitals that participate in coordinate 
covalent bonding include all those except the metals (which excludes hydrogen) in 
periods one and two, and carbon, nitrogen, oxygen, fluorine, nitrogen, and helium. 
The alkali metals do not have sufficient affinity for electrons to participate in 
10 coordinate covalent bonding. 

E. Superabsorbent Particles 

In the preferred embodiment the treated superabsorbent material is 
superabsorbent particles, which comprise polymers that swell on exposure to water 

15 and form a hydrated gel (hydrogel) by absorbing large amounts of water. 
Superabsorbents are defined herein as materials that exhibit the ability to absorb large 
quantities of liquid, i.e., in excess of 10 to 15 parts of liquid per part thereof. These 
superabsorbent materials generally fall into three classes, namely starch graft 
copolymers, cross-linked carboxymethylcellulose derivatives and modified hydrophilic 

20 polyacrylates. Examples of such absorbent polymers are hydrolyzed starch- 
acrylonitrile graft copolymer, a neutralized starch-acrylic acid graft copolymer, a 
saponified acrylic acid ester-vinyl acetate copolymer, a hydrolyzed acrylonitrile 
copolymer or acrylamide copolymer, a modified cross-linked polyvinyl alcohol, a 
neutralized self-crosslinking polyacrylic acid, a cross-linked polyacrylate salt, 

25 carboxylated cellulose, and a neutralized cross-linked isobutylenemaleic anhydride 
copolymer. 

Superabsorbent particles are available commercially, for example starch 
graft polyacrylate hydrogel fines (IM 1000F) from Hoechst-Celanese of Portsmouth, 
VA, or larger particles such as granules. Other superabsorbent particles are marketed 
30 under the trademarks SANWET (supplied by Sanyo Kasei Kogyo Kabushiki Kaisha), 
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SUMUCA GEL (supplied by Sumitomo Kagaku Kabushiki Kaisha and which is 
emulsion polymerized and spherical as opposed to solution polymerized ground 
particles), FAVOR (supplied by Stockhausen of Greensboro, North Carolina), and 
NORSOCRYL (supplied by Atochem). The superabsorbent particles come in a variety 
of sizes and morphologies, for example IM 1000 and IM 1000F. The IM 1000F is 
finer and will pass through a 200 mesh screen whereas IM 1000 has some particles that 
will not pass through a 60 mesh screen. Another type of superabsorbent particle is 
IM 3600 (agglomerated fines). Superabsorbent particulate hydrophilic polymers also 
are described in detail in U.S. Patent No. 4,102,340. That patent discloses 
hydrocolloid absorbent materials such as cross-linked polyacrylamides. 

If these particles are combined with the fiber to form an superabsorbent 
structure, the amount of superabsorbent particles added to the fibers can vary widely, 
for example, from about 0.05% to 80% of the total weight of the fibrous material and 
particles. Superabsorbent particles are preferably added in an amount of about 1% to 
80%, more preferably about 5% to 70%, and especially preferred 20% to 60% by 
weight of the fibrous materials and particles. 

F. Polymeric Enhancing Agent Characteristics 

In accordance with this aspect of the present invention, the blood 
absorbence properties of the superabsorbent particles may be enhanced by combining 
the particles with a polymeric enhancing agent. The polymeric enhancing agent is 
selected from a predetermined group of polymeric enhancing agents. The polymeric 
enhancing agents comprise polymeric enhancing agent molecules wherein the 
polymeric enhancing agent molecules have at least one hydrogen bonding functionality 
or coordinate covalent bond forming functionality. The specific enhancing agents 
expressly described below are generally organic and have at least one hydrogen 
bonding functionality. Nonorganic or inorganic enhancing agents may also enhance 
the blood absorbent properties of superabsorbent materials and would generally form 
hydrogen bonds or coordinate covalent bonds with the superabsorbent materials. 

Preferred enhancing agents may further comprise repeating units, 
wherein the repeating units have such functionalities on each repeating unit of the 
polymer, although this is not necessary for adequate enhancing agent functions. In 
accordance with this aspect of the present invention, the predetermined groups of 
polymeric enhancing agents include, without limitation, the group of enhancing agents 
consisting of polyglycols [especially poly(propyleneglycoI)], a polycarboxylic acid, a 
polycarboxylate, a poly(lactone) polyol, such as diols, a polyamide, a polyamine, a 
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polysulfonic acid, a polysulfonate, and combinations thereof. Specific examples of 
some of these compounds, without limitation, are as follows: polyglycols may include 
polypropylene glycol (PPG) and polyethylene glycol (PEG); poly(lactone) polyols 
include poly(caprolactone) diol and poly(caprolactone) triol; polycarboxylic acids 
5 include polyacrylic acid (PAA) and polymaleic anhydride; polyamides include 
polyacrylamide or polypeptides; polyamines include polyethylenimine and 
polyvinylpyridine; polysulfonic acids or poly sulfonates include poly(sodium-4- 
styrenesulfonate) or poly(2-acrylamido-methyl-l-propanesulfonic acid; and copolymers 
thereof (for example a polypropylene glycol/polyethylene glycol copolymer). The 

10 polymeric enhancing agent typically has repeating units. The repeating unit may be the 
backbone of a compound, such as with a polypeptide, wherein the repeating 
polyamides occur in the peptide chain. The repeating unit may also refer to units not 
integral to the polymer backbone, for instance, repeating acrylic acid units. In both 
cases, the repeating units may be the same or different. In any event, the enhancing 

15 agent has a functional group capable of forming a hydrogen bond or a coordinate 
covalent bond with superabsorbent particles. 

As used herein, a polymer is a macromolecule formed by chemical 
union of 5 or more identical or different combining units (monomers). A polyamine is 
a polymer that contains amine functional groups and a polyamide is a polymer that 

20 contains amide functional groups. Each of the enhancing agents has a hydrogen 
bonding or a coordinate covalent bonding functionality, and each of the enhancing 
agents may have such functionalities on each repeating unit (monomer) of the polymer. 
This repeating functionality may be, without limitation, a hydroxyl, a carboxyl, a 
carboxylate, a phosphate, a sulfonic acid, a sulfonate, an amide, an ether, an amine or 

25 combinations thereof. These enhancing agents are capable of forming hydrogen bonds 
because they have a functional group that contains an electronegative element, such as 
oxygen or a nitrogen. 

The polyglycol has repeating ether units with hydroxyl groups at the 
terminal ends of the molecule. The polycarboxylic acid, such as polyacrylic acid, has a 

30 repeating carboxyl group in which a hydrogen is bound to an electronegative oxygen, 
creating a dipole that leaves the hydrogen partially positively charged. The polyamide 
(such as a polypeptide) or polyamine has a repeating -NR- group in which a hydrogen 
may be bound to an electronegative nitrogen that also leaves the hydrogen partially 
positively charged. The hydrogen in both cases can then interact with an 

35 electronegative atom, particularly oxygen or nitrogen, on the superabsorbent particle 
to form a hydrogen bond that adheres the enhancing agent to the particle. The 
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electronegative oxygen or nitrogen of the enhancing agent also can form a hydrogen 
bond with hydrogen atoms in the superabsorbent particle that have positive dipoles 
induced by electronegative atoms, such as oxygens or nitrogens, to which the 
hydrogen is attached. The polyamide also has a carbonyl group with an 
5 electronegative oxygen that can interact with hydrogen atoms in the particles. 

Although the invention is not limited to polymeric enhancing agents of 
particular molecular weights, polymeric enhancing agents having a molecular weight 
less than 1 000 grams/mole are preferred because they provide attractive physical 
properties. Low-molecular weight materials typically are more mobile than are the 

10 higher molecular weight materials. Low-molecular weight materials can more easily 
move into the particle surface. The higher molecular weight materials are less volatile 
than the low-molecular weight materials. As a result, higher molecular weight 
polymeric enhancing agents, to a greater extent, remain on the surface of the particles. 
In some particular embodiments, polymers with molecular weights between 4000 

15 and 8000 grams/mole have been used. Polymers with molecular weights above 8000 
may be used, but such exceedingly high molecular weight polymers may decrease 
product efficiency. 

In accordance with this aspect of the present invention wherein a 
polymeric enhancing agent is applied to the superabsorbent particles, polyethylene 

20 glycol is a particularly preferred polymeric enhancing agent when the superabsorbent 
particle is IM 3900 as described above. When 0.5% by weight polyethylene glycol 
based on the combined weight of the superabsorbent particles and the enhancing agent 
is combined with 99.5% by weight IM 3900 superabsorbent particles, the increase in 
the free swell absorbent capacity and after load absorbent capacity is described below 

25 in the examples. 



G. Non-Polymeric Enhancing Agent Characteristics 

The blood absorbent properties of superabsorbent particles may be 
enhanced by combining the particles with a non-polymeric organic enhancing agent 

30 selected from a predetermined group of enhancing agents that each have a volatility 
less than water. The vapor pressure of the enhancing agent may, for example, be less 
than 10 mm Hg at 25°C, and more preferably less than 1 mm Hg at 25°C. The non- 
polymeric enhancing agents useful in this aspect of the present invention comprise non- 
polymeric enhancing agent molecules wherein the non-polymeric enhancing agent 

35 molecules have at least one functional group that forms hydrogen bonds or coordinate 
covalent bonds with the superabsorbent particles. The non-polymeric enhancing 
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agents that are expressly described below are organic and generally include at least one 
hydrogen bond forming functionality. Other nonorganic or inorganic non-polymeric 
enhancing agents may also enhance the blood absorbent properties of the 
superabsorbent particles in accordance with the present invention and generally form 
5 hydrogen bonds or coordinate covalent bonds with the superabsorbent particles. In 
accordance with the present invention, the predetermined group of non-polymeric 
enhancing agents may include a functional group selected from, without limitation, the 
group consisting of a carboxyl, a carboxylate, a carbonyl, a sulfonic acid, a 
sulfonamide, a sulfonate, a phosphate, a phosphoric acid, a phosphoramide, a 

10 hydroxyl, an amide, an amine, and combinations thereof (such as an amino acid or a 
hydroxy acid) wherein each enhancing agent preferably includes at least two such 
functionalities, and the two functionalities are the same or different. As used herein, 
the term "non-polymeric" refers to a monomer, dimer, trimer, tetramer, and oligomers, 
although some particular non-polymeric enhancing agents are monomelic and dimeric, 

15 preferably monomelic. 



forming five or six membered rings with a functional group on or near the surface of 
the superabsorbent particle. An example of such a enhancing agent is an amine or 
amino acid (for example, a primary amine or an amino acid such as glycine) which 
20 forms six-membered rings by forming hydrogen bonds: 



Suitable non-polymeric organic enhancing agents are capable of 



SAP 




CH 

c=o 

I 

OH 



i 




n 



amine 

enhancing 

agent 




or 



WO 95/19191 



PCT/DS95/00443 



10 



15 



20 



SAP 



25 

CHj CH, 
' \ / 
CH 

o o 

I 

H • 



CH 
i 



CH 2 



amino 
acid 

enhancing 
agenft 



t 

OH 



J n 



OH 



(3) 



A six-membered ring also is formed by the hydroxyl groups of 
carboxylic acids, alcohols, and amino acids, for example: 



O-H' 



(4) 



A five membered ring can be formed by the enhancing agent and the 
functionality on or near the surface of the particle, for example: 



H-O* 



/ 
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•O-H 



(5) 



wherein the particle is a water-insoluble superabsorbent particle and the 
enhancing agent is an alcohol, such as a polyol with hydroxyl groups on adjacent 
carbons, for example 2,3-butanediol. 

Other alcohols that do not form a five-membered ring also can be used, 
for example alcohols that do not have hydroxyl groups on adjacent carbons. Examples 
of suitable alcohols include primary, secondary or tertiary alcohols. 

Amino alcohol enhancing agents are alcohols that contain an amine 
group (-NR2), and include enhancing agents such as ethanolamine (2-aminoethanol), 
and diglycolamine (2-(2-aminoethoxy)ethanol). Non-polymeric polycarboxylic acids 
contain more than one carboxylic acid functional group, and include such enhancing 
agents as citric acid, propane tricarboxylic acid, maleic acid, butanetetracarboxylic 
acid, cyclopentanetetracarboxylic acid, benzene tetracarboxylic acid and tartaric add. 
A polyol is an alcohol that contains a plurality of hydroxyl groups, and includes diols 
such as the glycols (dihydric alcohols) ethylene glycol, propylene glycol and 
trimethylene glycol; triols such as glycerin (1,2,3-propanetriol). Esters of hydroxyl 
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containing enhancing agents and polyhydroxy or polycarboxylic acid compounds such 
as tartaric acid or ascorbic acid (vitamin C) may also be used, with mono- and di-esters 
of glycerin as examples: 

I I 

C==C 
HO OH 

Vitamin C 

(ascorbic acid) , 

W 

5 Hydroxy acid enhancing agents are acids that contain a hydroxyl group, 

and include hydroxyacetic acid (CH 2 OHCOOH) and lactic, tartaric, ascorbic, citric, 
and salicylic acid. Amino acid enhancing agents include any amino acid, such as 
glycine, alanine, valine, serine, threonine, cysteine, glutamic acid, lysine, or P-alanine. 

Sulfonic acid enhancing agents and sulfonates are compounds that 

10 contain a sulfonic acid group (-S0 3 H) or a sulfonate (-S0 3 ~) Amino-sulfonic acids 
also can be used. One example of an amino-sulfonic acid enhancing agent suitable for 
the present invention is taurine, which is 2-aminoethanesulfonic acid. 

Non-polymeric polyamide enhancing agents are small molecules (for 
example, monomers or dimers) that have more than one amide group, such as 

15 oxamide, urea and biuret. Similarly, a non-polymeric polyamine enhancing agent is a 
non-polymeric molecule that has more than one amine group, such as ethylene 
diamine, EDTA or the amino acids asparagine and glutamine. 

Although other non-polymeric organic enhancing agents are suitable in 
accordance with the discussion above, the non-polymeric organic enhancing agent is 

20 preferably selected from the group consisting of glycerin, sorbitol, lactic acid, ascorbic 
acid, urea, glycine, ammonium citrate, taurine, dipropylene glycol, aminosalicylic acid, 
and combinations thereof. The non-polymeric enhancing agent also is most preferably 
selected from the group consisting of glycine, sorbitol, lactic acid, a polyglycerin 
oligomer, and combinations thereof. As used herein, an oligomer refers to a 

25 condensation product of polyols, wherein the condensation product contains less than 
ten monomer units. A polyglycerin oligomer as referred to herein means a 
condensation product of two or more glycerin molecules. A propylene glycol 
oligomer as referred to herein means a condensation product of two or more propylene 
glycol molecules. The non-polymeric enhancing agents also preferably include 

30 functionalities selected, without limitation, from the group consisting of a carboxyl, a 
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carboxylate, a carbonyl, a sulfonic acid, a sulfoamide, a sulfonate, a phosphate, a 
phosphoric acid, a phosphoramide, a hydroxyl, an amine, an amide, and combinations 
thereof (such as amino acids and hydroxy acids). The non-polymeric enhancing agents 
may have two functionalities from such group, and the groups may be the same or 
5 different 

Each of the non-polymeric enhancing agents disclosed above is capable 
of forming hydrogen bonds because it has a functional group that contains 
electronegative atoms, particularly oxygens or nitrogens, or has electronegative 
groups, particularly groups containing oxygens or nitrogens, that also may include a 

10 hydrogen. An amino alcohol, amino acid, carboxylic acid, alcohol and hydroxy acid all 
have a hydroxyl group in which a hydrogen is bound to an electronegative oxygen, 
creating a dipole that leaves the hydrogen partially positively charged. The amino 
alcohol, amino acid, amide and amine all have an -NR- group in which a hydrogen may 
be bound to an electronegative nitrogen that also leaves the hydrogen partially 

15 positively charged. The partially positively charged hydrogen in both cases then can 
interact with an electronegative element, such as oxygen or nitrogen, on the 
superabsorbent particle to help adhere the enhancing agent to the particle. The 
polycarboxylic acid, hydroxy acid, amino acid and amide also have a carboxyl group 
with an electronegative oxygen that can interact with hydrogen atoms in the particles, 

20 or in intermediate molecules between the enhancing agent and particles. Similarly, 
electronegative atoms (such as oxygen or nitrogen) on the particle can interact with 
hydrogen atoms on the enhancing agent that have positive dipoles, and partially 
positive hydrogen atoms on the particle can interact with electronegative atoms on the 
enhancing agent. 

25 Alternatively, an atom on the superabsorbent may have an unbound pair 

of electrons, such as an unshared pair of electrons from an oxygen or nitrogen atom, 
that can be donated to an empty orbital of an acceptor atom in the enhancing agent to 
form a coordinate covalent bond. The free pair of electrons on the oxygen or nitrogen 
can be donated to the empty p y d or / orbital of an enhancing agent to form a 

30 coordinate covalent bond that adheres the particle to the enhancing agent. Cellulose 
fibers themselves do not normally contain functional groups that can act as electron 
acceptors in the formation of coordinate covalent bonds with the enhancing agents, but 
they also contain functionality that may be electron donors in the formation of a 
coordinate covalent bond. Cellulosic and synthetic fibers, for example, contain 

35 hydroxyl, carboxyl and ester groups that will hydrogen bond with the hydroxyl, 
carboxylic acid, amide, amine, or other groups of the enhancing agent. Non-cellulosic 
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or non-synthetic fibers that have these functionalities also can be used, for example silk 
or wool, which have an amide linkage. When it is desired to bond the enhanced 
superabsorbent particles to the fiber, the enhancing agent may adhere to the 
superabsorbent particle and a fiber with a coordinate covalent bond or a hydrogen 
5 bond. 

As described above, non-polymeric enhancing agents have functional 
groups that may be selected independently or in combination, without limitation, 
from the group consisting of a carboxyl, a carboxylate, a carbonyl, a hydroxyl, a 
sulfonic acid, a sulfonate, a phosphoric acid, a phosphate, a phosphoramide, a 

10 sulfonamide, an amide, an amine, and combinations thereof. These functional 
groups might be provided by the following exemplary chemical compounds: a 
carboxyl group could be provided by carboxylic acids, such as ascorbic acid; a 
carboxylate, which is an ionized carboxylic acid, could be provided by a material 
such as potassium citrate; a carbonyl group can be provided by an aldehyde or 

15 ketone; a hydroxyl can be provided by an alcohol or polyol, such as glycerol, or a 
mono- or diglyceride, which are esters of glycerol; an amide, such as a urea; and an 
amine, which may be provided by an alkyl amine, such as ethanolamine, wherein 
the enhancing agent has two of these functional groups, and each of the functional 
groups can be the same (for example, a polyol, polyaldehyde, polycarboxylic acid, 

20 polyamine or polyamide) or different (for example, an amino alcohol, hydroxy 
acid, hydroxyamide, carboxyamide, or amino acid). Functional groups also may be 
selected independently or in combination, without limitation, from the group 
consisting of carboxyl, an alcohol, an amide and an amine. An aldehyde may 
optionally be a member of each of these groups, particularly if it is oxidized to a 

25 carboxylic acid. 

Combinations of polymeric and non-polymeric enhancing agents may 
also be used, with or without other enhancing agents, providing that they are non- 
reactive. That is, providing that the enhancing agents do not react in a manner 
which prevents the enhancing agents from enhancing the blood absorbence 
30 properties of the superabsorbent materials in accordance with the present invention. 

The enhancement of the blood absorbence properties of superabsorbent 
particles IM 3900, IM 1000, FAVOR 800, J 44, and Aridal 1440 when treated with 
varying amounts of non-polymeric enhancing agents are described in the examples that 
follow. 



35 
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H- Process Advantages 

The enhancing agents of the present invention also provide numerous 
process advantages. For example, a liquid enhancing agent (which would include a 
solution of a solid or liquid enhancing agent, or a enhancing agent that has a 
melting point below room temperature) can be applied to particles and the 
enhancing agent allowed to air dry, for example until the particles reach an 
equilibrium moisture content with the moisture in the ambient air. The particles 
with enhancing agent then may be added to a fiber mat. Alternatively, the particles 
and enhancing agent may be added to a mat prior to or simultaneously with the 
coating of the particles by the enhancing agent. 

The enhancing agents may be liquids at room temperature (such as 
glycerin), or liquid solutions of enhancing agents that are solids at room 
temperature (for example, an aqueous solution of glycine), or liquid hot melts of 
solid enhancing agents. In a liquid form, the enhancing agents can be applied to 
and allowed to at least partially coat or embed themselves in the superabsorbent 
particles in the absence of serous bodily fluids. By applying the enhancing agents 
directly to the superabsorbent particles, one can readily control and monitor the 
amount of enhancing agent applied to the superabsorbent material. 

The polymeric enhancing agent suitably is present in an amount of at 
least about 0.01%, and no more than about 10%, by weight of the particles 
("percent by weight"). In preferred embodiments, the polymeric enhancing agent is 
present in an amount of about 0.01 % to about 8%, more preferably about 0.01% to 
about 3%, and even more preferably about 0.01% to about 1% by weight of the 
particles. When the polymeric enhancing agent is present in the above amounts in 
accordance with this aspect of the present invention, the free swell blood absorbent 
capacity of the treated superabsorbent particles is preferably at least about 1.15 
times, and more preferably at least 1.5 times the free swell blood absorbent capacity 
of the untreated superabsorbent particles. In another preferred aspect, when the 
polymeric enhancing agent is used in the above amounts, the after load blood 
absorbent capacity of the treated superabsorbent particles is preferably at least about 
1.15 times, and more preferably at least about 1.5 times the after load blood 
absorbent capacity of the untreated particles. Specific embodiments of this aspect 
of the present invention are set forth in the examples. 

The nonpolymeric enhancing agent suitable is present in an amount 
of at least about 0.01% and no more than about 10%, by weight of the 
superabsorbent particles. In preferred embodiments, the nonpolymeric enhancing 



WO 95/19191 



PCT/US95/00443 



30 

agent is present in an amount of about 0.01% to about 8%, more preferably about 
0.01 % to about 3%, and even more preferably about 0.01 % to about 1 % by weight 
of the superabsorbent particles. In particularly preferred embodiments, wherein the 
nonpolymeric enhancing agent is glycerin, the amount used is about 0.05% to about 
5 0. 1 % by weight of the superabsorbent particles. When the nonpolymeric enhancing 
agent is used in the above amounts, the free swell blood absorbent capacity of the 
treated superabsorbent particles is preferably at least about 1.2, and more preferably 
at least double the free swell blood absorbent capacity of the untreated 
superabsorbent particles. In another preferred aspect, when the nonpolymeric 

10 enhancing agent is used in the above amounts, the after load blood absorbent 
capacity of the treated superabsorbent particles is preferably at least about 1.2 
times, and more preferably at least double the after load blood absorbent capacity of 
the untreated superabsorbent particles. Using excessive amounts of enhancing agent 
can introduce unnecessary expense into the process. High percentages of 

15 enhancing agent can also cause processing problems because the enhancing agent 
material transfers to equipment surfaces. Therefore, it is often preferred to use no 

0 

more enhancing agent than is required to enhance the blood absorbent properties of 
the superabsorbent particles. 

Thermoplastic enhancing agents also may be used to help enhance 

20 other properties of the superabsorbent particles or absorbent articles made 
therefrom. The enhancing agents that have the hydrogen bonding or coordinate 
covalent bonding functionalities may be thermoplastic. The polymeric enhancing 
agents and some non-polymeric enhancing agents of the present invention have the 
advantage of being thermoplastic or meltable solids. 

25 In accordance with this aspect of the present invention as briefly 

described above, the enhancing agents may be applied to superabsorbent particles 
before, or simultaneously with, addition of the superabsorbent particles to the 
fibers. A preferred approach is to simply spray, as by a mist or fog, the enhancing 
agent onto the particles as the particles are delivered to the fibers. Simultaneous 

30 addition can be accomplished by two separate streams of particles and enhancing 
agent that are simultaneously directed at a fibrous substrate, or alternatively merged 
immediately or some time prior to impacting against the substrate. Some of the 
enhancing agent may reach the fibers without impacting a particle, but the bulk of 
the particles will be at least partially coated with the enhancing agent or have the 

35 enhancing agent at least partially embedded in its surface. 
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II. Enhancing Agents on Fibrous Material 
In a second aspect of the present invention, enhancing agents described 
below in more detail may be used to enhance the blood absorbence properties of a 
superabsorbent material, such as superabsorbent particles. In accordance with this 
aspect of the present invention, the enhanced blood absorbence properties are' achieved 
by providing the enhancing agent on a fibrous material as opposed to the 
superabsorbent material as described above with respect to Section! The coated 
fibrous material can be combined with the superabsorbent material to form an 
absorbent composition. The following description of a preferred embodiment of this 
aspect of the present invention refers to superabsorbent particles and cellulose fibers. 
It should be understood that other types of fibers, both natural and synthetic as 
described below in more detail, can also be used as the fibrous material. In addition to 
superabsorbent particles, superabsorbent materials in other forms, such as fibers, are 
equally useful in accordance with the present invention. 

A. Processing of Fibers 

A wet laid sheet manufacturing line for producing one embodiment of 
an absorbent composition in accordance with this aspect of the present invention has 
been described above with respect to FIGURE 1. 

An enhancing agent of the type explained in detail below is applied to 
the pulp sheet from one or more enhancing agent applying devices, one of which is 
indicated at 50 in FIGURE 1. Any enhancing agent applying device may be used, such 
as sprayers, roll coaters, immersion applicators or the like. Sprayers are typically 
easier to utilize and incorporate into a pulp sheet manufacturing line. As indicated by 
the arrows 52, 54 and 56, the enhancing agent may be applied at various locations or 
at multiple locations on the pulp sheet manufacturing line, such as ahead of the drying 
stage 30 (indicated by line 52), intermediate the drying stage 30 (as indicated by 
line 54), or downstream from the drying stage 30 (as indicated by the line 56). Water- 
based enhancing agents, such as non-polymeric urea, are typically applied at a location 
where sufficient drying can still take place in the drying stage to produce a dried 
enhancing agent containing fiber sheet with no more than the maximum desired 
moisture content. Consequently, to take advantage of the drying stage 30, water- 
based enhancing agents are typically applied at locations 52 or 54. At location 52, the 
water remaining in the sheet or mat 20 at this stage tends to interfere with the 
penetration of the enhancing agent into the sheet. Consequently, application of the 
enhancing agent after some drying has taken place, for example at location 54, is 
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preferable. If water-based enhancing agents are applied at location 56 in an amount 
which would cause the moisture content of the sheet to exceed the desired maximum 
level, an additional drying stage (not shown) may be included in the pulp 
manufacturing line to bring the moisture content down to the desired level. 
5 A non-aqueous based enhancing agent, such as glycerin, * is most 

preferably added downstream from the drying stage at location 56 or during the drying 
stage as indicated by location 54. However, liquid non-aqueous enhancing agent may 
also be added at a location, such as location 52, upstream of the drying stage. At this 
latter location, the water in the wet web at this point may tend to attract these 

10 enhancing agents into the mat or sheet as the enhancing agents tend to be hydroscopic. 
Since non-aqueous enhancing agents typically do not enhance the degradation of the 
product due to the addition of moisture to the sheet, they can be applied downstream 
from the drying stage without bringing the moisture content of the sheet above the 
desired maximum level. 

15 The superabsorbent materials, selected as explained below, may be 

added to the sheet on the pulp manufacturing line, such as indicated by the particulate 
applicator 60, which may comprise a bulk or volumetric metering device. These 
particles may be sprinkled, poured or otherwise added to the sheet. 

As described above, during transportation of rolls or bales of these 

20 fibers it is possible for particles to become dislodged by mechanical impact during 
transport. In addition, this approach interferes with the customization of the fiber 
application at a user's location. For example, a user may want the capability of 
selecting particular types or brands of superabsorbent particles for use with the fibers 
in the user's products, without having this selection made by a pulp sheet manufacturer 

25 who incorporates the particles into the pulp sheet during its manufacture. Also, 
superabsorbent particles are susceptible to absorbing moisture from the atmosphere 
during shipment. Therefore, it is also advantageous to provide a fibrous product in 
which the end user of the product may incorporate the desired superabsorbent particles 
at the time the fibers are converted into products. 

30 Therefore, in keeping with this latter preferred approach, as illustrated 

in FIG. 2, the respective rolls 40 or bales 44 of enhancing agent containing fibers can 
be produced, without particles, and then transported to a remote location for use by a 
user, as described above with reference to the enhancing agent treated particles. 

With this approach, the end user of the fibers may readily select 

35 superabsorbent particles to be combined with the treated fibers. In addition, the user 
has flexibility in air laying or otherwise combining the enhancing agent containing 
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fibers into a finished product with the desired superabsorbent. When the enhancing 
agents are water-soluble, the enhancing agent containing fibers are preferably not wet 
laid because wet laying would remove at least some of the enhancing agent. In the 
foregoing approach, not only is handling and shipping of the superabsorbent containing 
products avoided by the manufacturer of the pulp sheet, the particles are not subjected 
to mechanical forces between the location of manufacture of the fibers and the location 
at which the particulate materials are added 

• 

B. Fiber Characteristics 

The fibrous material, which may be treated with enhancing agent in 
accordance with this aspect of the present invention, has been generally described 
above in Section IB. 

C. Superabsorbent Material and Particles Characteristics 

In accordance with this aspect of the present invention, the fibrous 
material treated with the enhancing agent is combined with a superabsorbent material, 
that may be in the form of particles or fibers to enhance the blood absorbence 
properties of the superabsorbent material and provide an absorbent composition that 
has enhanced blood absorbent properties. The superabsorbent materials that are useful 
in this aspect of the present invention have been generally described above in 
Sections IC and ID. In accordance with this aspect of the present invention, wherein 
the enhancing agent is applied to the fibrous material, it is preferred that the 
superabsorbent materials include functionality capable of forming hydrogen bonds or 
coordinate covalent bonds with the enhancing agent. 

D. Polymeric Enhancing Agent Characteristics 

The enhancing agents useful in accordance with this aspect of the 
present invention include a polymeric enhancing agent, which may be water soluble, 
selected from a predetermined group of polymeric enhancing agents. The polymeric 
enhancing agents have been generally described above in Section IF. The polymeric 
enhancing agents comprise enhancing agent molecules, wherein the enhancing agent 
molecules have at least one hydrogen bonding or at least one coordinate covalent 
bonding functionality for forming a hydrogen or coordinate covalent bond with the 
superabsorbent material. The polymeric enhancing agents specifically described below 
are generally organic in nature and include at least one hydrogen bonding functionality 
for forming a hydrogen bond with the superabsorbent material. Other nonorganic or 
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inorganic polymeric enhancing agents may be applied to the fibrous material to 
enhance the blood absorbent properties of a superabsorbent material to be combined 
with the treated fibrous material. Such inorganic polymeric enhancing agents will 
generally form at least one hydrogen or coordinate covalent bond with a 
5 superabsorbent material. In accordance with this aspect of the present invention, the 
enhancing agent in addition to having functionality capable of forming hydrogen bonds 
or coordinate covalent bonds with the superabsorbent material, can also include 
functionality that allows the enhancing agent to bond to the fibrous material. Such 
bonding to the fibrous material would be particularly preferred where one desires to 

10 bind the superabsorbent particles thereto and the superabsorbent material. 

When it is desirable to bond the enhancing agent to the fibrous material, 
the polymeric enhancing agent has functionality to form a hydrogen bond or a 
coordinate covalent bond with the fibers. For example, the oxygen or nitrogen on the 
enhancing agent has an unbound pair of electrons that can be shared with a partially 

15 positive hydrogen in the particle or a fiber. Coordinate covalent bond formation has 
been described above in more detail in Section IC. 

The fibers themselves may contain functional groups that can form 
hydrogen bonds with the enhancing agent, and allow the enhancing agent to adhere to 
the fiber. Cellulosic and synthetic fibers, for example, may contain hydroxyl, carboxyl, 

20 carbonyl, amine, amide, ether and ester groups that will hydrogen bond with the 
hydroxyl, carboxylic acid, amide or amine groups of the enhancing agent. 

In some embodiments, the polymeric enhancing agent is bound to both 
the fibers and the particle by hydrogen bonds. In a polypropylene glycol enhancing 
agent, for example, the hydroxyl and ether groups on the glycol enhancing agent 

25 participate in hydrogen-bonding interactions with the hydroxyl groups on the cellulose 
fibers and the carboxyl groups on the polyacrylate hydrogel, as shown below: 
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Although this aspect of the invention is not limited to polymeric 
enhancing agents of particular molecular weights, polymeric enhancing agents having a 
molecular weight less than 1000 grams/mole are preferred because they provide 
attractive physical properties. Polymeric enhancing agents with molecular weights less 
than 4000 grams/mole are especially preferred because they have sufficiently low 
volatility and are not likely to evaporate from the fibers. Low-molecular weight 
materials typically are more mobile than are the higher-molecular weight materials. 
Low-molecular weight materials can more easily move to the fiber or the particle 
surface. The higher molecular weight materials are less volatile than the low- 
molecular weight materials. As a result, higher molecular weight polymeric enhancing 
agents, to a greater extent, remain on the surface of the fibers. In some particular 
embodiments, polymers with molecular weights between 4000 and 8000 grams/mole 
have been used. Polymers with molecular weights above 8000 may be used, but such 
exceedingly high molecular weight polymers may decrease product efficiency. 



E. Non-Polymeric Enhancing Agent Characteristics 

In accordance with this aspect of the present invention, the blood 
absorbency properties of the absorbent composition of superabsorbent material and 

20 fibrous material may be enhanced by a non-polymeric organic enhancing agent selected 
from a predetermined group of enhancing agents that each have a volatility less than 
water. Non-polymeric enhancing agents useful in accordance with this aspect of the 
present invention have been generally described above in Section IG. The vapor 
pressure of the non-polymeric enhancing agent may, for example, be less than 10 mm 

25 Hg at 25°C, and more preferably less than 1 mm Hg at 25 °C The non-polymeric 
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enhancing agents comprise non-polymeric enhancing agent molecules wherein the 
molecules have at least one functional group that forms hydrogen bonds with the 
superabsorbent material. In accordance with this aspect of the present invention, as 
with the polymeric enhancing agents, the non-polymeric enhancing agents expressly 
5 described below are organic and generally form hydrogen bonds with the 
superabsorbent material. Nonorganic or inorganic non-polymeric enhancing agents 
applied to a fibrous material to be combined with a superabsorbent material may 
also enhance the blood absorbence properties of the superabsorbent material. Such 
inorganic enhancing agents will generally form a hydrogen bond or coordinate 

10 covalent bond with the superabsorbent material. 

As with the polymeric enhancing agents described in the previous 
section, the non -polymeric enhancing agents may or may not form bonds with the 
fibrous material. If such bonds are formed, they are generally of the hydrogen type 
or coordinate covalent type. Accordingly, since it is not required that enhancing 

15 agent bond to the fibrous material, fibrous materials that do not include hydrogen 
bonding or coordinate covalent bond forming functionality are also useful in 
accordance with the present invention. If the enhancing agent is to be bound to the 
fibrous, the non-polymeric enhancing agent preferably has at least one functional 
group that forms hydrogen bonds or coordinate covalent bonds with the fibers. In 

20 accordance with this aspect of the present invention, the predetermined group of 
non-polymeric enhancing agents may include, without limitation, a functional group 
selected from the group consisting of a carboxyl, a carboxylate, a carbonyl, a 
sulfonic acid, a sulfonate, a phosphate, a phosphoric acid, a hydroxyl, an amide, an 
amine, and combinations thereof (such as an amino acid or hydroxy acid) wherein 

25 each enhancing agent preferably includes at least one such functionality. 

As used herein, the term " non-poly meric tt refers to a monomer, 
dimer, trimer, tetramer, and oligomers, although some particular non-polymeric 
enhancing agents are monomelic and dimeric, preferably monomelic. 

Suitable non-polymeric organic enhancing agents capable of forming 

30 five or six membered rings with a functional group on the surface of the 
superabsorbent material, have been described above in Section IG. Alcohols that do 
not form a five-membered ring, amino alcohol enhancing agents, non-polymeric 
polycarboxylate acid enhancing agents, polyol enhancing agents, esters of hydroxyl 
containing enhancing agents, hydroxy acid enhancing agents, amino acid enhancing 

35 agents, sulfonic acid enhancing agents, amino sulfonic acid enhancing agents, non- 
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polymeric polyamide enhancing agents, and non-polymeric polyamine enhancing 
agents have been described above in Section IG. 

Although other non-polymeric organic enhancing agents are suitable in 
accordance with the discussion above, the non-polymeric organic enhancing agent is 
5 preferably selected from the group consisting of glycerin, sorbitol, lactic acid, ascorbic 
acid, urea, glycine, ammonium citrate, taurine, dipropylene glycol, aminosalicylic add, 
and combinations thereof. The non-polymeric enhancing agent also is most preferably 
selected from the group consisting of glycerin, sorbitol, lactic acid, and combinations 
thereof. The non-polymeric enhancing agents also preferably include functionalities 
£^ 10 selected from the group, without limitation, consisting of a carboxyl, a carboxylate, a 

carbonyl, a sulfonic acid, a sulfonate, a phosphate, a phosphoric acid, a hydroxjd, an 
amine, an amide, and combinations thereof (such as an amino acid or hydroxy acid). 
The non-polymeric enhancing agents preferably have at least one functionality from 
such group. 

15 Each of the non-polymeric enhancing agents disclosed above is capable 

of forming hydrogen bonds because it has a functional group that contains 
electronegative atoms, particularly oxygens or nitrogens, or has electronegative 
groups, particularly groups containing oxygens or nitrogens, and that also include a 
hydrogen. The amino alcohol, amino acid, carboxylic acid, alcohol and hydroxy acid 

20 all have a hydroxyl group in which a hydrogen is bound to an electronegative oxygen, 
creating a dipole that leaves the hydrogen partially positively charged. The amino 
alcohol, amino acid, amide and amine all have an -NR- group in which a hydrogen may 
be bound to an electronegative nitrogen that also leaves the hydrogen partially 
positively charged. The partially positively charged hydrogen in both cases then can 

25 interact with an electronegative element, such as oxygen or nitrogen, preferably on the 
superabsorbent material and possibly on the fiber. The polycarboxylic acid, hydroxy 
acid, amino acid and amide also have a carboxyl group with an electronegative oxygen 
that can interact with hydrogen atoms preferably on the superabsorbent material and 
possibly on the fibers, or in intermediate molecules between the enhancing agent and 

30 substrate. Similarly, electronegative atoms (such as oxygen or nitrogen) on the 
superabsorbent material or fiber can interact with hydrogen atoms on the enhancing 
agent that have positive dipoles, and partially positive hydrogen atoms on the 
superabsorbent material or fiber can interact with electronegative atoms on the 
enhancing agent. 

35 Several proposed hydrogen bonding interactions of two of the 

enhancing agents (glycine and 1,3 -propanediol) with cellulose are shown below: 



WO 95/19191 



PCI7US95/00443 



38 



CH 2 OH 



CH2OH 



H OH 



cellulose 




H 

H O H 
glycine 



H-O H O 

j 1 1 

H-C— C-C-H 
1 1 1 

H H H 

1,3-propanedioI 



< 7 > 

The hydrogen bonding interactions are shown as dotted lines. One 
such interaction is shown between the nitrogen of glycine and a hydrogen of an -OH 

5 on cellulose. A hydrogen bond with glycine is also shown between an oxygen of the 
-OH on glycine and the hydroxy hydrogen of an alcohol sidechain on cellulose. 
Hydrogen bonding interactions of the 1,3-propanediol are shown in dotted lines 
between an oxygen on an -OH group of the enhancing agent and a hydrogen of an 
-OH group on the cellulose molecule. Another hydrogen bond is also shown between 

10 a hydrogen on an -OH group of the glycol enhancing agent and an oxygen in an 

alcohol sidechain of the cellulose. 

It also is possible for water or other hydrogen bonding molecules to be 
interposed between the fiber and enhancing agent, such that the fiber and enhancing 
agent are both hydrogen bonded to the water molecule. 

15 Alternatively, in an embodiment wherein the enhancing agent is bound 

to the fibers, an atom on the non-polymeric enhancing agent may have an unbound pair 
of electrons, such as a lone pair of electrons from an oxygen or nitrogen atom, that can 
be donated to an empty orbital of an acceptor atom in the particle to form a coordinate 
covalent bond. The free pair of electrons on the oxygen or nitrogen can be donated to 

20 the empty/?, d or/ orbital of a particle to form a coordinate covalent bond that adheres 
the particle to the non-polymeric enhancing agent. Coordinate covalent bonding has 
been discussed above in more detail. The fibers themselves do not normally contain 
functional groups that can act as electron acceptors in the formation of coordinate 
covalent bonds with the non-polymeric enhancing agents, but hydrogen bonding 

25 interactions allow the enhancing agent to adhere to the fiber. Cellulosic and synthetic 
fibers, for example, contain hydroxyl, carboxyl and ester groups that will hydrogen 
bond with the hydroxyl, carboxylic acid, amide, amine or other groups of the non- 
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polymeric enhancing agent. Non-cellulosic or non-synthetic fibers that have these 
functionalities also can be used, for example silk, which has an amide linkage. 

In some embodiments, the non-polymeric enhancing agent can bind to 
both the fibers and the particle by hydrogen bonds. The hydroxyl groups on a polyol 
enhancing agent participate in hydrogen-bonding interactions with the hydroxyl groups 
on cellulose fibers and the carboxyl groups on a polyacrylate hydrogel. 

A structural drawing is shown below in which citric acid, vitamin C and 
urea bond to both water-insoluble superabsorbent particles and to cellulose with 
hydrogen bonds. Some of the possible hydrogen bonding interactions are shown as 
dashed lines. It is possible that other molecules (such as water molecules) also may 
participate in some of these bonds, for example, as an intermediary between the 
enhancing agent and particle or fiber. 

H OH 

CELLULOSE 14" u>Jb Wfi 



ENHANCING 
AGENT 



POLYACRYLATE 
SAP 



(8) 




Non-polymeric enhancing agents have functional groups that may be 
selected, without limitation, independently or in combination from the group consisting 
of a carboxyl, a carboxylate, a carbonyl, a hydroxyl, a sulfonic acid, a sulfonate, a 
phosphoric acid, a phosphate, an amide, an amine, and combinations thereof. These 
functional groups might be provided by the following exemplary chemical compounds: 
a carboxyl group could be provided by carboxylic acids, such as ascorbic acid; a 
carboxylate, which is an ionized carboxylic acid, could be provided by a material such 
as ascorbate; a carbonyl group can be provided by an aldehyde, such as ketone; a 
hydroxyl, such as an alcohol or a polyol, such as glycerol, or a mono- or diglyceride, 
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which are esters of glycerol; an amide, such as a peptide; and an amine, which may be 
provided by an alkyl amine, such as ethylenimine wherein the enhancing agent 
preferably has at least one of these functional groups. Functional groups also may be 
selected independently or in combination from the group consisting of caiboxyl, an 

5 alcohol, an amide and an amine. An aldehyde may optionally be a member of each of 
these groups, particularly if it is oxidized to a carboxylic acid. 

Combinations of the polymeric and non-polymeric enhancing agents, 
may be used, providing that they are non-reactive. That is, providing that the 
enhancing agents do not react in a manner which prevents them from enhancing the 

10 blood absorbence properties of the absorbent composition, in accordance with this 

aspect of the present invention. 

When the enhancing agent is capable of bonding to the fibrous material, 
although such bonding is permissible, it should not inhibit the enhancing agent from 
enhancing the blood absorbence properties of the superabsorbent material. 
15 Accordingly, it is preferred that when the enhancing agent is capable of bonding to the 
fibrous material, that an amount of the enhancing agent effective to enhance the blood 
absorbence properties of the superabsorbent material be available to bond to the 
superabsorbent materials as described above. 

20 F. Process Advantages 

The enhancing agents of the present invention also provide numerous 
process advantages. For example, a liquid enhancing agent (which would include a 
solution of a solid or liquid enhancing agent, or a enhancing agent that has a melting 
point or softening point below room temperature) can be applied to a cellulose mat in 

25 and the enhancing agent allowed to dry, for example until the fiber product reaches an 
equilibrium moisture content with the moisture in the ambient air. The coated fibers 
may then be combined with superabsorbent materials such as particles or fibers. Some 
of the enhancing agents (especially the liquid enhancing agents) difiuse throughout the 
fibers to reach an equilibrium distribution of the enhancing agent. Alternatively, the 

30 particles may be added to the mat prior to or simultaneously with the coating of the 

fibers with the enhancing agent. 

The enhancing agents may be liquids at room temperature (such as 
glycerin), or liquid solutions of enhancing agents that are solids at room temperature 
(for example, an aqueous solution of glycine), or liquid hot melts of solid enhancing 
35 agents. Solid enhancing agents can be applied to the fibers as a supersaturated 
solution or the solid enhancing agent may be heated above its melting point and 
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applied to the fibers. By applying the enhancing agent to the fibrous material, uniform 
dispersion of the enhancing agent throughout the matrix of the absorbent composition 
is readily achievable. 

The fiber coating of the present invention can occur across a broad 
5 range of pH without requiring a catalyst. A suitable pH range without a catalyst is 
1-14, but preferred ranges are 5-8 or 6-8 because such neutral pH ranges will produce 
fibrous products (such as cellulose products) that are less prone to damage by acid 
hydrolysis. 

The moisture content of the fibers during the coating step is 0.5-50%, 
10 suitably 5-40%, or preferably 5-20% water by weight of the fibers, enhancing agent 
and particles. Particles may be added to the fibers with the particles distributed 
throughout a fibrous product without being confined to a surface of the product. The 
particles can be distributed throughout the depth of a fiber product such as a mat or 
web. 

15 The enhancing agent suitably is present on the treated fibers in an 

amount of about 2% to 30% of the total weight of the fibers and enhancing agent, 
more preferably, about 2% to 15%. When the enhancing agent is used in the above 
amounts in accordance with this aspect of the present invention, the after load blood 
absorbent capacity of the mixture of treated fibers and superabsorbent particles is 

20 preferably at least 1 .3 times the after load blood absorbent capacity for the mixture of 
untreated fibers and superabsorbent particles. Using excessive amounts of enhancing 
agent can introduce unnecessary expense into the coating process. High percentages 
of enhancing agent can also cause processing problems because the enhancing agent 
material transfers to equipment surfaces. Therefore, it is often preferred to use no 

25 more enhancing agent than is required to enhance the blood absorbent properties of 
the absorbent composition. 

In accordance with this aspect of the present invention, thermoplastic 
enhancing agents also may be used to help enhance the blood absorbence properties of 
the superabsorbent composition. The enhancing agent that has the hydrogen bonding 

30 or optional the coordinate covalent bonding functionalities itself may be thermoplastic 
or meltable. The polymeric enhancing agents and some non-polymeric enhancing 
agents of the present invention have the advantage of being thermoplastic solids. 
Hence, fibers treated in accordance with the present invention can be thermobonded by 
elevating the fiber temperature above the softening or melting temperature of the 

35 enhancing agent to soften the thermoplastic enhancing agent and thermoplastically bind 
the fibers to each other, and optionally the fibers to the particles. 
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In accordance with this invention, the enhancing agents may be applied 
to fibers before, subsequent, or simultaneously with addition of the superabsorbent 
particles. Simultaneous addition can be accomplished by two separate streams of 
particles and enhancing agent that are simultaneously directed at a fibrous substrate, or 

5 alternatively merged immediately or some time prior to impacting against the substrate. 

Combining superabsorbent particles with enhancing agent coated fibers 
may be performed under conditions that favor formation of hydrogen bonds or 
coordinate covalent bonds, and discourage formation of covalent bonds. Conditions 
that favor covalent bonds are those disclosed in U.S. Patent No. 4,412,036 and U.S. 

10 Patent No. 4,467,012. Conditions that favor covalent bond formation are also shown 
in European Patent Applications 440 472 Al; 427 317 A2; 427 316 A2; and 
429 112 A2. 

Fibers that have high bulk from intrafiber covalent crosslinks are 
prepared by individualizing the fibers (for example, in a fiberizer) and curing them at 

15 an elevated temperature (above 150°C). Initial application of the enhancing agent on 
such high-bulk fibers preferably occurs after the curing step, particularly if the 
enhancing agent is capable of functioning as a crosslinking material. The specific types 
of enhancing agents disclosed herein that also can crosslink are polyols, polyaldehydes, 
polycarboxylic acids, and polyamines (polymeric or nonpolymeric enhancing agents 

20 with more than one amine group). If such enhancing agents are present during curing, 
the enhancing agent will be consumed during the curing step to form covalently 
crosslinked bonds. When this occurs, the enhancing agent is no longer available for 
hydrogen or coordinate covalent bonding to the superabsorbent materials and 
enhancement of blood absorbent properties of the superabsorbent composition. 

25 The intrafiber covalent bond forming processes described in the above 

European publications require formation of an intermediate that then reacts with a 
hydroxy group on cellulose to form a covalent ester bond. The presence of more than 
about 20% water by weight in the fibers is believed to interfere with the formation of 
the intermediate and inhibits covalent bond formation. Hence, in processes that use 

30 polycarboxylic acids, polyols and polyamines (which includes both polymeric and 
nonpolymeric amines having more than one amine group) as enhancing agents in the 
present invention, the fibers should contain at least 20% water (or 20-50% water) by 
weight if the particles and enhancing agent are present in the fibers when curing 
occurs. The water inhibits covalent bond formation, and prevents all of the enhancing 

35 agent from being used to form covalent intrafiber crosslinks. Hence, some of the 
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enhancing agent remains available to enhance the blood absorbent properties of the 
superabsorbent composition. 

The enhancing agents of the present invention can be added to the 
fibers in any convenient manner. One such procedure is to spray the enhancing agent 
5 or enhancing agents on a web of the fibers that is conveyed past a sprayer on a 
conveyor belt. Alternatively, loose fibers may be allowed to fall past a sprayer, or 
loose fibers may be moved on a conveyor belt past a sprayer. The loose fibers may 
also be slurried with or immersed in enhancing agent. It is also preferable to roll coat 
the enhancing agents on the web, particularly if the enhancing agent is viscous. The 

10 fibers may also be sprayed or immersed in the enhancing agent. These fibers can, 
while still wet be combined with the superabsorbent particles. 

One method for uniformly coating the fibers with a enhancing agent and 
adding the particles is shown in U.S. Patent No. 5,064,689. However, the invention is 
not limited to any specific mechanism for combining the fiber, enhancing agent and 

1 5 particles. 

III. Production of High Bulk Fibers 
For the purposes of full disclosure, the following description of the 
production of high bulk fibers useful in accordance with the present invention is 
20 provided. Production of high bulk fibers with intrafiber crosslinks is known in the art. 
Processes for making such fibers are described in EP 440 472 AI; EP427 317A2; 
EP 427 316 A2; and EP 429 112 A2, as well as U.S. Patent Application Serial No. 
07/607,268 filed October 31, 1990, and its published European counterpart. These 
high bulk fibers may be used in the present invention. Since methods of making high 
25 bulk fibers are known, only a brief description of one such process is given below. 

A. Overall System 

Referring to FIGURE 3, The apparatus 110 comprises a conveying 
device 112 for transporting a mat 1 14 of cellulose fibers or other fibers through a fiber 

30 treatment zone 116; an applicator 118 for applying a treatment substance such as a 
crosslinking substance from a source 119 thereof to the mat 1 14 at the fiber treatment 
zone 116; a fiberizer 120 for completely separating the individual cellulose fibers 
comprising the mat 114 to form a fiber output comprised of substantially unbroken 
cellulose fibers substantially without nits or knots; and a dryer 122 coupled to the 

35 fiberizer for flash evaporating residual moisture from the fiber output and for curing 
the crosslinking substance, thereby forming dried and cured cellulose fibers. 
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The mat 114 of cellulose fibers is preferably in an extended sheet form 
stored in the form of a roll 124 until use. It is normally not necessary that the cellulose 
fibers comprising the mat 114 be completely dry. Since cellulose is a hydrophilic 
substance, molecules thereof will typically have a certain level of residual moisture, 
5 even after drying. The level of residual moisture is generally 10% wt/wt or less, which 
is not detectable as "wetness." FIGURE 3 also shows that more than one supply, such 
as multiple rolls 124, of the mat 114 of cellulosic fibers can be simultaneously 
processed using the present invention. 

At the fiber treatment zone 116, sprayers or other applicators 118 apply 

10 chemicals such as crosslinking agents to the mat. Typically chemicals are applied 
uniformly to both sides of the mat. The wetted mat passes between a pair of 
rollers 128 which assist in distributing the chemicals uniformly through the mat. Other 
applicators may also, of course, be used. 

The crosslinking substance is a liquid solution of any of a variety of 

15 crosslinking solutes known in the art. If required, the crosslinking substance can 
include a catalyst to accelerate the bonding reactions between molecules of the 
crosslinking substance and cellulose molecules. However, many if not most 
crosslinking substances do not require a catalyst. 

Preferred types of crosslinking substances are selected from a group 

20 consisting of urea derivatives such as methylolated urea, methylolated cyclic ureas, 
methylolated lower alkyl substituted cyclic ureas, methylolated dihydroxy cyclic ureas, 
and mixtures thereof. A specifically preferred crosslinking substance would be 
dimethyloldihydroxyethylene urea (DMDHEU). In addition, crosslinking substances 
can be polycarboxylic acids, such as citric acid. Crosslinking materials are known in 

25 the art, such as described in U.S. Patent No. 3,440,135 to Chung , U.S. Patent 
No. 4,935,022 to Lash, et al, U.S. Patent No. 4,889,595 to Herron, et al., U.S. Patent 
No. 3,819,470 to Shaw, et al., U.S. Patent No. 3,658,613 to Steijer, et al., U.S. Patent 
No. 4,822,453 to Dean, et al., and U.S. Patent No. 4,853,086 to Graef; et al. 

Suitable catalysts include acidic salts which can be useful when urea- 

30 based crosslinking substances are used. Such salts include ammonium chloride, 
ammonium sulfate, aluminum chloride, magnesium chloride, or mixtures of these 
or other similar compounds. Alkali metal salts of phosphorus-containing acids may 
also be used. 

In FIGURE 3, the crosslinking substance applied to the mat 114 is 
35 obtained from a supply 1 19 thereof, such as a tank or analogous vessel. 
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Crosslinked cellulose fibers are individual fibers each comprised of 
multiple ceDulose molecules where at least a portion of the hydroxyl groups on the 
cellulose molecules have been covalently bonded to hydroxyl groups on neighboring 
cellulose molecules in the same fiber via crosslinking reactions with extraneously 
added chemical reagents termed "crosslinking substances" or "crosslinking agents." 
Suitable crosslinking agents are generally of the Afunctional type which create 
covalently bonded "bridges" between said neighboring hydroxyl groups. 

B. Conveying Device 

Referring further to FIGURE 3, each mat 114 of cellulosic fibers is 
conveyed by a conveying device 112, which carries the mats through the fiber 
treatment zone 116. FIGURE 3 also shows a further portion of one type of 
conveying device comprised of a first pair of rollers 126 and a second pair of 
rollers 128 for each mat 114. The first and second pair of rollers 126, 128 are 
particularly effective for urging the corresponding mat at a substantially constant 
and controlled rate of speed. 

C. Fiber Treatment Zone 

Each mat 114 is urged by the first and second pair of rollers 126, 
128 through the fiber treatment zone 116 where the mat 114 is impregnated with a 
liquid crosslinking substance. The crosslinking substance is preferably applied to ' 
one or both surfaces of the mat using any of a variety of methods known in the art 
useful for such a purpose, such as spraying, rolling, dipping, or analogous method/ 
Combinations of spray and roller applicators can also be employed. 

The crosslinking substance is typically applied in an amount ranging 
from about 2 kg to about 200 kg chemical per ton of cellulose fiber and preferably 
about 20 kg to about 100 kg chemical per ton of cellulose fiber. 

D. Fiberizer 

The next subsystem following the fiber treatment zone is a 
fiberizer 120 which serves to comminute one or more mats 130 impregnated with 
the crosslinking substance into individual substantially unbroken cellulose fibers 
comprising a fiber output. 

Referring further to FIGURE 3, a first conveyer fan 260 of 
conventional design can be utilized for propelling the fibers from the outlet 162 of 
the attrition device 132 through a conduit 262. 
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An optional component of the fiberizer 120 is a first cyclone 264 or 
similar apparatus known in the art, utilized in a conventional manner to concentrate 
the fibers passing out of the outlet 162 of the attrition device 132. The first 
cyclone 264 receives the fibers through the conduit 262 coupled thereto. 
5 Excess air can be recovered at the top 266 of the first cyclone 264 

and recycled as required through a conduit 268 to a location upstream of the first 
conveyer fan 260 (if used). Such additional air can be beneficial for easing the 
transfer of the fibers through the first conveyor fan 260. 

A disk refiner 268 is another optional component of the fiberizer 120 

10 which can be employed to effect additional separation of fibers (removal of knots) if 
required. The disk refiner 268 is of a type known in the art and comprises a disk 
refiner inlet 270 and a disk refiner outlet 272. A representative disk refiner 268 is type 
DM36 manufactured by Sprout-Bauer, Incorporated of Muncie, Pennsylvania. If the 
disk refiner 268 is used, the inlet 270 thereof is coupled via a conduit 274 to an 

15 outlet 276 of the first cyclone 264. 

A second conveyor fan 278 may optionally be utilized to urge 
propagation of the fibers through a conduit 180 downstream of the disk refiner 268. 
Excess air can be recovered from the top 266 of the first cyclone 264 and routed via a 
conduit 281 to a tee 282 just upstream of the second conveyor fan 278. 

20 Another optional component of the fiberizer 120 is a fluff 

generator 290 which receives the fibers from the optional second conveyor fan 278 
through a conduit 284. The fluff generator is described in detail below and in 
copending U.S. Patent Application Serial No. 07/607,157. 

25 E. Dryer 

Referring further to FIGURE 3, a preferred embodiment of the present 
apparatus 110 includes a dryer 122 which is utilized to perform two sequential 
functions: remove residual moisture from the fibers and cure the crosslinking agent. 
Preferably, the dryer 122 comprises a drying zone 373 for receiving fibers, e.g. from 

30 fluff generator outlet 304 and for removing residual moisture from the fibers via a 
"flash drying" method and a second drying zone 360, 362 for curing the crosslinking 
agent. In FIGURE 3, the curing starts in zone 360 and continues through zone 362. 

The FIGURE 3 embodiment shows that zone 373 is coupled to the fluff 
generator outlet by a conduit 372 and to a source 374 of heated air, typically produced 

35 by combustion of a supply of natural gas 376 and fresh air 378. The temperature of 
heated air is regulated to maintain the temperature of the drying zone 373 within a 
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range of about 200° C to about 315° C. As the fiber output passes into the drying 
zone 373, the wet fibers comprising the fiber output are substantially instantaneously 
exposed to the high temperature in this zone. Such rapid exposure to high 
• temperature imparts a "flash drying" effect to the fibers, thereby causing rapid and 
thorough drying and separation of the fibers. The passage time through the drying 
zone 373 is preferably less than one second. 

The FIGURE. 3 embodiment shows that the first zone 360 is comprised 
of a first tower 364 comprised of a body portion 366, an inlet 368, and a first tower 
outlet 370. The dryer zone 373 is coupled via a conduit 372 to the outlet of the fluff 
generator 290. 

In FIGURE 3, the first tower 364 is shown preferably coupled via a 
conduit 380 to a down tube 382, which is coupled via a conduit 384 to a third 
conveyor fan 386 located at an inlet 388 of a second tower 390. The third conveyor 
fan 386 transports the fibers through the dryer which thereby pass into the second 
tower 390. As the fibers are lofted through the second tower 390, they are still 
exposed to a curing temperature within a range of about 140° C to about 180° C, 
which is sufficient to effect curing of the crosslinking agent without scorching the dry 
fibers. The lofting keeps the fibers separated until the crosslinking reaction is 
complete. The curing temperature depends upon the type of crosslinking material used 
to treat the fibers and also is set at a level so as to not scorch the fibers during curing. 
It should be noted that single stage dryers may also be used. 

The dried and cured fibers exiting the dryer outlet of tower 390 have an 
extremely low level of nits and virtually no knots. Further, they are not discolored 
from scorching and the like, and have a median fiber length substantially unchanged 
from the median length of the fibers comprising the mat 14. 

FIGURE 3 also shows a second cyclone 400 of conventional design 
coupled via a conduit 402 to the outlet of tower 390, serving to concentrate the fibers 
passing therethrough in preparation for collection. The resulting concentrated fibers 
can be collected using any of a number of collection devices 408 known in the art, 
such as fiber bagging devices. 

IV. Composite Absorbent Products 
In accordance with the present invention, absorbent structures or 
articles may be made from the treated fibers and treated superabsorbent particles. 
These articles may be composite structures (e.g., made of plural materials). For 
example, the articles may have a core of plural types of fibers, or fiber layers, with or 
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without covering materials. These products are capable of absorbing significant 
quantities of blood and other fluids, such as water, urine and other body fluids. Such 
products include, but are not limited to, sanitary napkins, surgical towels, bandages 
and the like. 

5 FIGURES 4 and 5 illustrate an absorbent pad structure which may be 

formed from fibers or particles treated with enhancing agent in accordance with the 
present invention, whether or not they are blended with other fibers or particles. 
FIGURES 4 and 5 represent an absorbent pad 410 having a heat embossed screen 
pattern 412. Pads having no pattern may also be used. A pad having a cover 

10 sheet 414 and a backing sheet 416 may be formed, for example, by placing a square 
fiber piece cut from the sheet onto a corresponding precut backing sheet. A 
corresponding precut cover sheet is placed over the top of the fiber 41 8 on the backing 
sheet. This assembly may then be adhesively bonded around a continuous margin 420. 
Pad 410 can also be formed in many different shapes depending upon its end use. 

15 With reference to FIGURES 6 and 7, an superabsorbent structure in the 

form of a bandage is shown. A bandage 430 for application to a wound to absorb 
blood and other bodily fluids is shown. An absorbent pad 440 is securely mounted to 
an exterior or pad mounting surface 434 of a backing strip 436. Coated fibers 441 and 
superabsorbent particles or treated superabsorbent particles and fibers are contained in 

20 pad 440. Any suitable mounting or securing means may be used to affix pad 440 to 
the surface 434 of the strip 436. However, it is preferable for surface 434 to be coated 
with an adhesive so that the pad 440 may be adhesively mounted in place. An 
exemplary adhesive is ethylene vinyl acetate adhesive. It is also desirable for the 
overall surface 438 of backing strip 436 to be coated with a conventional adhesive. 

25 Surface 438 is the surface which is affixed to the area of the skin surrounding the 
wound. Conventional "peel-back" tabs may be used to protect the adhesive coating 
and pad 440 until the bandage is to be applied. This type of backing strip is well 
known in the art. 

The backing strip 436 may be of any known flexible material suitable 
30 for application to the skin. It is preferable for the strip 416 to be of a material which is 
impermeable to the passage of liquid so that fluid from a wound is contained by the 
bandage. However, the strip 436 may be apertured or otherwise breathable to permit 
air to reach the wound to promote the healing process. A specific example of a 
suitable backing strip 436 is a polyethylene film. 
35 The absorbent pad of bandage 430 may also include a cover sheet that 

is typically made of any suitable material which will readily permit the passage of liquid 
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through the cover sheet to the fibers 441, such as nonwoven fiber webs of fibers such 
as, for example, rayon, nylon, polyester, propylene and blends thereof. One 
specifically preferred cover sheet material is a 70 percent rayon/30 percent polyester 
blend having a basis weight of 18 g/m 2 from Scott Paper Company. 
5 Other absorbent articles such as feminine hygiene products, surgical 

wipes and the like that typically are used to absorb blood or other serous bodily fluid 
can be formed using the enhancing agent treated fibers or enhancing agent treated 
superabsorbent particles in accordance with the present invention. 

The following examples are provided in order to further describe the 
10 present invention and illustrate the enhanced blood absorbency properties achieved by 
the fibers and particles of the present invention. 

V. Examples 

A. Enhancing Agent on Superabsorbent Material 

15 

EXAMPLE 1 

The following example illustrates the enhancement of the blood 
absorbent properties, e.g., free swell blood absorbent capacity and after load blood 
absorbent capacity of a superabsorbent particle treated with an enhancing agent in 

20 accordance with the present invention. 

A five gram aliquot of a starch graft polyacrylate hydrogel 
superabsorbent available from Hoechst-Celanese of Portsmouth, Virginia, as product 
designation IM 3900 were suspended in a rapidly mixing Waring blender. Drops of 
glycerin were added to the suspension in amounts sufficient to produce addition levels 

25 of 0.1%, 0.5% and 2.0% of the total weight of the superabsorbent material and the 
added glycerin. Mixing was continued for 15 seconds before stopping the blender and 
removing the contents. The resulting materials were then tested for free swell blood 
absorbent capacity and after load blood absorbent capacity as described below. 

An approximately 0.2 gram sample (determined to the fourth decimal 

30 place on an analytical balance) was taken from each mixture and sealed in a heat 
sealable, liquid permeable nonwoven envelope in the form of a tea bag available from 
Dexter of Windsor Locks, Connecticut. The samples were then, each in turn, 
immersed in fresh defibrinated ovine blood (available from Becton Dickinson of Hunt 
Valley, Maryland) and soaked for 30 minutes. After soaking, the samples were 

35 suspended to drain any unbound blood for ten minutes, then weighed. The samples 
were then placed in a Buchner funnel connected to a vacuum, a rubber dam was placed 
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over the samples, and suction sufficient to place a 1 .0 psi load on the samples was 
applied for five minutes. The load was removed and the samples were reweighed. A 
free swell blood absorbent capacity, on a grams of blood absorbed per gram of 
superabsorbent material used, was then calculated for the materials by the following 
5 formula: 

grams/grams free swell blood absorbent capacity — 

fwet sample mass - wet tea bag mass - dry absorbent mass^ 
dry mass of absorbent material used 

gm/gm after load blood capacity = 

10 (wet sample mass after load - wet tea bag mass after load - drv absorb ent mass) 

Dry mass absorbent material used 

The wet tea bag mass and wet tea bag mass after load were determined 
by weighing a sample tea bag without superabsorbent treated as described above for 
tea bags containing an superabsorbent sample. 

15 For purposes of comparison, a composite of a starch graft polyacrylate 

hydrogel superabsorbent available from Hoecht-Celanese under the designation 
IM 1000 was mixed with a cellulose fiber fluff at least partially coated with glycerin in 
accordance with Example 5. 30% by weight superabsorbent particles based on the 
combined weight of the superabsorbent particles and the fibrous material was used. 

20 This sample was designated 30% IM 1000/RP fluff. Other comparative samples were 
prepared using the core material from commercially available catamenial products sold 
under the name. Another comparative example comprising a wood pulp product 
available from Weyerhaeuser Company under the designation NB416 was also 
evaluated for blood absorbence as described above. A comparative sample of. 

25 untreated IM 3900 superabsorbent particles was also evaluated. The results are shown 
in Table I. 
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TABLE I 



Sarrrole 


Free Swell Blood 
/vusorucni i_^apa.ciiy 


After Load Blood 
ADsoroeni capacity 
i e/ e ) ( i .u Dsi ioaa / 








100% IM 3900 




/. /O 








99.9% IM39 
0.1% glycerir 






31.67 


24.19 




99.5 % IM 39 
0.5% glycerir 






24.63 


19.72 




98% IM 3900 
2.0% glycerin 


20.16 


15.61 








30% IM 1000/RP fluff 


29.96 


12.77 


Always core 


15.70 


5.91 


NB 416 (no SAP) 


25.57 


9.47 



The results indicate that a glycerin enhancing agent applied to IM 3900 
superabsorbent particles increases the free swell blood absorbent capacity of the 
5 superabsorbent particles at least two times and as much as 3.7 times and the after load 
blood absorbent capacity by at least two times and as much as 3.1 times compared to 
the same properties for untreated IM 3900 particles. Surprisingly, the results indicate 
that the most pronounced enhancement of blood absorbent properties of the tested 
superabsorbent particles occurs at very low levels of glycerin, and tends to be 
10 diminished with increasing glycerin amount. 

It is worth noting that comparison between various examples in this 
application is not appropriate because applicants have found that the blood absorbence 
properties of the test samples varies greatly with the sample of blood that is used in the 
test procedure. For each of the described examples, a single sample of blood was used 
15 to test the samples for a given example, although different samples of blood were used 
in different examples. 
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EXAMPLE 2 

The following example illustrates how enhancing agents other than 
glycerin, with multiple hydrogen bonding functionality, can also improve the blood 
absorbent capacity of a IM 3900 superabsorbent particle. 
5 Samples were prepared in accordance with Example 1 with the 

exception that the particular enhancing agent used was differed. Enhancing agents that 
were solid were dissolved in a 90% ethanol/10% water solution and the solution was 
added to the air suspension in the Waring blender in amounts sufficient to provide the 
desired addition levels. After mixing according to Example 1, the contents were 

10 removed and allowed to air dry for one hour, after which they were tested as described 
in Example 1 with the exception that sample sizes were reduced to approximately 
0.1 gms to avoid having tea bag volumes becoming a limiting factor. Again, 
comparative samples of the Always commercially available catamenial product; 100% 
IM3900 superabsorbent particles, and a mixture of 30% by weight IM 1000 and the 

15 glycerin coated cellulose fiber fluff of Example 5 were tested for comparative 
purposes. The results are set forth in Table 2. 
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TABLE II 



• 

Sample 


Free Swell Blood 
Absorbent Capacity 
fp/pi (no load) 


After Load Blood j 
Absorbent Capacity 
(e/E) (1.0 dsi load) 








100% IM 3900 


21.58 


16.74 








99.5 % IM 39 
0.5% diprop\ 


le 


ne glycol 


29.94 


22.56 


99.5% IM 39 
0.5% PEG2C 






35.32 


26.48 


99.5 % IM 3900 
0.5% PEG 400 


25.40 

• 


19.11 


99.5 % IM 39 
0.5% urea 






26.30 


21.51 


99.5% IM 3900 
0.5% ascorbic acid 


28.64 


23.56 


99.5 % IM 3900 
0.5% glycine 


26.09 


21.13 








Always 


18.11 


9.08 


30% IM 100C 


l/RP fluff 


25.29 


17.42 



The results in Table 2 indicate that other chemicals, with multiple 
5 hydrogen bonding functionality, also improve the blood absorbent capacity of IM 3900 
superabsorbent particles, when applied in a manner described above. Again, the 
improvement is realized at surprisingly low treatment levels. The observed increase in 
free swell blood absorbent capacity is as high as 1.39 times the free swell blood 
absorbent capacity of the untreated superabsorbent particles and as low as 1.18 times 
10 the free swell blood absorbent capacity of the untreated samples. The after load blood 
absorbent capacity is observed to be increased as much as 1.58 times and as little as 
1.14 times the after load blood absorbent capacity for the untreated superabsorbent 
particles. 
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EXAMPLE 3 

Samples of a starch graft polyacrylate hydrogel superabsorbent particle 
available from Hoecht-Celanese under the designation IM 1000 were combined with 
0.5% glycerin enhancing agent as described in Example 1 and allowed to age for two 
5 months under ambient conditions. Another set of samples of the same IM 1 000 and 
0.5% glycerin enhancing agent were prepared and allowed to age for two months in a 
dessicator. Similar samples of IM 1000 and 0.5% glycerin enhancing agent were 
freshly prepared and tested for blood absorbence properties at the same time as the 
aged samples in order to determine the effect of time on the capacity of the treated 
10 materials. Also, samples of a wider range of superabsorbent particles were tested to 
assess whether blood absorbent capacity improvements were possible with other 
absorbent particles. The superabsorbent particles tested in this example were as 
follows: 

15 Superabsorbent Particle Source 

IM 1000 Hoechst-Celanese 

IM 1000F Hoechst-Celanese 

FAVOR 800 Stockhausen 

Aqualic BASF 
20 J440 Sumitomo Seika 

Aridal 1440 Chemdal 
In addition, comparative samples of the commercially available Always catamenial 
product and the 30% IM 1000/RP Fluff composite were tested. The results are shown 
in Table 3. 
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Sample 


Free Swell Blood 
Absorbent Capacity 
fe/e) fno load> 


After Load Blood 
Absorbent Capacity 
fe/E) O.O nsi loadY 








IM 11 
Ambj 


tent 


+ Fresh 






IM 1000 + Aged 
Ambient 


31 44 


23 67 








IM 1( 

Dessi 


cat* 


+ Fresh 


30.01 


25.97 


IM 1( 

Dessi 


300 
cat< 


+ Aged 

JT 


32.80 

• ^^^^ 


20 82 1 








100% IM 1( 






12.07 


12.81 


99.5% IM 1000 
0.5% glycerin 


14.85 


13.96 








100% IM 1000F 


19.64 


16.28 


99.5% IM 1 
0.5% glycer 


in 


)F 


13.82 


12.40 








100% Favor 800 


21.37 


17.40 


99.5% Favor 81 
0.5% glycerin 




22.45 


18.65 








100% Aqualic 


15.61 


12.42 


99.5% Aqualic 
0.5% glycerin 


13.88 


11.49 








100% J440 


12.78 


12.73 


99.5% J440 
0.5% glycerin 


19.67 


16.44 
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100 Aridal 1440 


25.89 


18.85 


99.5% Aridal 1440 
0.5% glycerin 


29.45 


23.54 








Always 


13.19 


9.40 


30% IM 1000/RP fluff 


30.55 


19.29 



The results indicate that handling and storage of the enhancing agent 
treated superabsorbent particles in the presence of some humidity yields better blood 
absorbence properties compared to keeping it bone dry. The treated superabsorbent 
particles blood absorbence capacities tend to fall off over time, though not nearly 
5 down to the levels of the untreated superabsorbent particles. Furthermore, although 
treatment with the glycerin enhancing agent does not yield improved blood absorbent 
capacity for all superabsorbent particles, the effect is noted over a wide range of 
superabsorbent particles that are currently commercially available. The observed 
increase of the free swell blood absorbent capacity of certain samples is as high as 1.54 
10 times the free swell blood absorbent capacity of the untreated superabsorbent particle. 
The results show that the after load absorbent capacity for some of the samples 
increases by as much as 1 .29 times the after load blood absorbent capacity of the 
untreated superabsorbent particle. 



15 EXAMPLE 4 

The following example was carried out to identify an optimum level of 
addition of a glycerin enhancing agent to a IM3900 superabsorbent particle and to 
identify other enhancing agents that would also improve the blood absorbence capacity 
of superabsorbent particles. Where the enhancing agent was a solid, the samples were 

20 prepared in accordance with Example 3 . Low levels of the enhancing agent were 
achieved by diluting the enhancing agent with ethanol and adding a sufficient amount 
of the solution to obtain the desired addition levels, followed by air drying for one 
hour. Comparative samples of the Always core and the 30% JM 1000/RP fluff were 
also prepared. All samples were tested as described in Example 1 and the results are 

25 shown in Table 4. 
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TABLE IV 



Sanrole 


Free Swell Blood 
Absorbent Capacity 
( g/g) (no loa(H 


After Load Blood 
Absorbent Capacity 
fe/BWl.Onsi load^ 








100% IM 3900 


29.80 


21.16 


99.97% IM 390 
0.03% glycerin 




30.66 


23.28 


99.93% IM3900 
0.07% glycerin 


32.63 


24.32 


99.90% IM 3900 
0.1% glycerin 


27.46 


20.02 








99.5% IM 39 
0.5% ammon: 


LUI 


n citrate 


39.17 


27.89 


99.5% IM 39 
0.5% /famine 
acid 


)S2 


iicylic 


39.17 


26.16 


99.5% IM 39) 
0.5% taurine 






30.87 


22.02 








Always core 


16.29 


11.40 


30% IM 1000/RP fluff 


29.10 


14.18 



The differences in free swell blood absorbent capacity and after load 
blood absorbent capacity for the samples that comprise 100% IM 3900 superabsorbent 
5 particles in Examples 1, 2, and 4 illustrate the effect that the blood has on the 
superabsorbent capacity of the superabsorbent particles. The enhancing agents used in 
this example include glycerin, ammonium citrate, p- aminosalicylic acid, and taurine. 

The results indicate that the optimum range for improving the blood 
absorbent capacity of the IM 3900 superabsorbent particle by treatment with glycerin 
10 enhancing agent lies somewhere in the range of less than 0.1%. The optimum level of 
enhancing agent for maximization of the blood absorbent properties of a 
superabsorbent particle depend on a number of factors including the particular 
superabsorbent particle being treated as well as the enhancing agent. The results also 
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indicate that increases in the free swell blood absorbent capacity and after load blood 
absorbent capacities can be obtained using ammonium citrate, p-aminosalicylic add, 
and taurine as the enhancing agent. 

5 B. Enhancing Agents on Fibrous Material 

EXAMPLE 5 

The following example illustrates the results achieved when enhancing 
agent is applied to a cellulose fiber which is then combined with superabsorbent 

10 particles. A sample of southern bleached kraft fluff sheet was passed through a roll 
coater type glue spreader device set to apply glycerin in the amount of 9% by weight, 
based on the total weight of the fiber and the glycerin. The fluff was then fiberized in a 
Fitz hammermill fitted with a 1 in 2 square holed screen, collected and stored in a 
plastic bag. The treated fluff was designated as RP fluff. Three 2.23 gram samples of 

15 several commercially available superabsorbent particles listed below were blended with 
three 5.2 gram samples of the RP fluff prepared as described above and air laid into 
400 gram per square meter pads in a laboratory pad former. The commercially 
available superabsorbent particles were: 



20 Superabsorbent Particle Source 

IM 1000 Hoechst-Celanese 
J440 Sumitomo Seika 

IM 1000F Hoechst-Celanese 
B65S Atochem 

25 

For comparative purposes, three 7.4 gram samples of NB416 a pulp 
sheet available from Weyerhaeuser Company of Tacoma, Washington and three 
7.4 gram samples of the RP fluff prepared as set forth above were similarly air laid in a 
laboratory pad former. An approximately 0.2 gram sample (determined to the fourth 

30 decimal place on an analytical balance) was then taken from each pad and sealed in a 
heat sealable, liquid permeable, nonwoven (tea bag available from Dexter, Winsor 
Locks, Connecticut) envelope. For comparative purposes, three approximately 
0.2 gram samples of the superabsorbent particles without fluff were sealed in similar 
envelopes. Also, for comparative purposes, several commercially available catamenial 

35 products (e.g., ALWAYS, KOTEX and WHISPER available from Proctor and 
Gamble) were separated into their respective components and approximately 0.2 gram 
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samples from their superabsorbent core material were sealed in similar envelopes. The 
samples were then tested as described in Example 1. 

The results are shown in Table 5. 

* * 

5 TABLE V 



Sample 


Free Swell Blood 
Absorbent Capacity 
(e/e) (no load) 


After Load Blood 
Absorbent Capacity 
(e/e) (1.0 psi load) 








100% IM 1 






8.98 


7.37 


30% IM 1000/RP fluff 


28.11 


20.89 


100% J440 


8.16 


8.56 


30% J440/RP fluff 


25.11 


18.31 


100% IM 1 




F 


13.38 


9.99 


30% IM 1000F/RP fluff 


27.07 


13.84 


100% B65S 


8.86 


8.61 


30% B65S/RP fluff 


26.34 


15.40 


NB416 (no SAP) 


24.85 


10.86 


RP fluff (no SAP) 


21.83 


8.68 








Always core (30% SAP) 


11.84 


9.02 


Kotex core 


9.13 


5.78 


Whisper core 


12.40* 


9.38 



The data shown in Table 5 indicates that composites of the RP fluff at 
least partially coated with the glycerin enhancing agent and superabsorbent particles 
have superior blood absorbent capacities as compared to superabsorbent particles 

10 alone, the RP fluff treated with enhancing agent alone, untreated pulp fibers alone, or 
the absorbent core material from the commercially available catamenial devices tested. 
While the free swell blood absorbent capacities of the combination of the 
superabsorbent particles and the cellulose fibers coated with enhancing agent are 
similar to the capacities of the cellulose fibers coated with enhancing agent alone (in 

15 the free swell case), enhancements of the blood absorbent capacity of the mixture are 
notable when the samples are exposed to load conditions as structures made with such 
materials may encounter during actual use (i.e., after load capacity). 
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EXAMPLE 6 

Samples of an NB 416 pulp sheet available from Weyerhaeuser 
Company and fibers coated with glycerin enhancing agent (RP fluff) as described in 
Example 5 were each hammer milled in a Fitz hammer mill fitted with a 3/8 inch 
5 diameter round hole screen while superabsorbent IM 1000 particles available from 
Hoechst-Celanese were simultaneously added in an amount sufficient to produce 30% 
and 45% by weight of the combined weight of the fibers and the superabsorbent 
particles. As each material was produced, it was shunted to an M&J air lay machine 
(available from M&J Horstens, Denmark) and air laid into a 400 gram per square 
10 meter web. Samples of each, as well as a core from the commercially available 
catamenial product Always, were tested as described in Example 1. Results are shown 
in Table 6. 

TABLE VI 

15 



Samole 


Free Swell Blood 
Absorbent Capacity 
(e/el (no load) 


After Load Blood 
Absorbent Capacity 
(sfe) n.Onsi load) 








30% IM 1000/NB 416 


28.78 


12.56 


30% IM 1000/RP fluff 


29.26 


16.88 








45% IM 1000/NB 416 


29.02 


15.51 


45% IM 1000/RP 


32.19 


19.43 








Always core 


15.10 


11.78 



The results in Table 6 do not confirm or disprove the possibility that 
any composite of superabsorbent particles and untreated fibers might have an 
superabsorbent capacity for blood similar to that of the enhancing agent treated fibers 
and superabsorbent particle composites. The results shown in Table 6 show a 
20 marginal increase in capacity for the enhancing agent fiber/superabsorbent composites 
in the no-load case (free swell blood absorbent capacity) and, a more marked increase 
in the after load (after load blood absorbent capacity) results. 

While the preferred embodiment of the invention has been illustrated 
and described, it will be appreciated that various changes can be made therein without 
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departing from the spirit and scope of the invention. It should be understood that the 
foregoing examples are provided to exemplify specific embodiments of the present 
invention that are not intended to limit the scope of the present invention. 
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The embodiments of the invention in which an exclusive property or 
privilege is claimed are defined as follows: 

1. A method for enhancing the blood absorbence properties of a 
superabsorbent material having a hydrogen bond functionality comprising the steps: 

selecting an enhancing agent from the group consisting of polymeric 
enhancing agents and combinations thereof nonreactive with each other, the enhancing 
agents comprising enhancing agent molecules, the enhancing agent molecules having at 
least one functional group capable of forming a hydrogen bond with the 
superabsorbent material; and 

exposing the superabsorbent material to sufficient amounts of the 
enhancing agent in liquid or solution form to enhance the blood absorbence properties 
of the superabsorbent material. 

2. The method of Claim 1, wherein the enhancing agent is at least 
partially bonded to in the superabsorbent material. 

3. The method of Claim 1, wherein the enhancing agent is present 
in an amount ranging from about 0.01 to about 10 percent of the weight of the 
superabsorbent material. 

4. The method of Claim 1, wherein the enhancing agent is present 
in an amount ranging from about 0.01 to about 3 percent of the weight of the 
superabsorbent material. 

5. The method of Claim 1, wherein the polymeric enhancing agent 

is polyglycol. 

6. The method of Claim 5, wherein the polymeric enhancing agent 
is polyethylene glycol. 

7. The method of Claim 1, wherein the enhancing agent is present 
in an amount ranging from about 0.01 to about 1 percent of the weight of the 
superabsorbent material. 

8. The method of Claim 1, wherein the free swell blood absorbent 
capacity for the enhanced superabsorbent material is at least about 1.15 times the free 
swell blood absorbent capacity for untreated superabsorbent material. 
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9. The method of Claim 1, wherein the after load blood absorbent 
capacity for the enhanced superabsorbent material is at least about 1.15 times the after 
load blood absorbent capacity for untreated superabsorbent material. 

10. The method of Claim 1, wherein the free swell blood absorbent 
capacity for the enhanced superabsorbent material is at least 1.5 times the free swell 
blood absorbent capacity for untreated superabsorbent material. 

11. The method of Claim 1, wherein the after load blood absorbent 
capacity for the enhanced superabsorbent material is at least about 1.5 times the after 
load blood absorbent capacity for untreated superabsorbent material. 

12. The method of Claim 1, wherein the superabsorbent material is 
selected from the group consisting of fibers, particles and combinations thereof 

13. The method of Claim 1, further comprising the step of 
combining the superabsorbent material with a fibrous material. 

14. The method of Claim 13, wherein the step of exposing the 
superabsorbent material to the enhancing agent comprises the step of exposing the 
superabsorbent material to the enhancing agent as the superabsorbent materials are 
being combined with the fibrous material. 

15. The method of Claim 13, wherein the step of exposing the 
superabsorbent materials to the enhancing agent comprises providing the enhancing 
agent on the superabsorbent material in the absence of the fibrous material, then 
combining the enhanced superabsorbent material with the fibrous material. 

16. The method of Claim 13, further comprising the steps of: 
providing the fibrous material in the form of individualized cellulose 

fibers that have hydrogen bonding functional sites, wherein the individualized fibers are 
cured in the presence of a crosslinking material to produce high bulk fibers with 
intrafiber covalent crosslinks, and the fibers are fiberized to reduce interfiber bonding 
between the cured fibers; and 

wherein the step of combining the enhanced superabsorbent material 
with the fibrous material comprises the step of adding the enhanced superabsorbent 
material to the fibers before, during or after the fibers are cured. 
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17. The method of Claim 16, wherein the curing step comprises 
using any crosslinking material and curing the crosslinking material before combining 
the enhanced superabsorbent material and the cured fibrous material. 

18. The method of Claim 1, wherein the polymeric enhancing agent 
is selected from the group consisting of a polycarboxylic acid, a polycarboxylate, a 
poly(lactone) polyol, a polyamide, a polyamine, a polysulfonic acid, a polysulfonate, 
and combinations thereof. 

19. A method for enhancing the blood absorbence properties of 
superabsorbent material having a hydrogen bond forming functionality comprising the 
steps: 

selecting an enhancing agent from the group consisting of non- 
polymeric organic enhancing agents and combinations thereof nonreactive with each 
other, the enhancing agents comprising enhancing agent molecules, the enhancing 
agent molecules having at least one functional group capable of forming a hydrogen 
bond with the superabsorbent material; and 

exposing the superabsorbent material to sufficient amounts of the 
enhancing agent in liquid or solution form to enhance the blood absorbence properties 
of the superabsorbent material. 

20. The method of Claim 1 9, wherein the enhancing agent is at least 
partially bonded to the superabsorbent material. 

21. The method of Claim 19, wherein the nonpolymeric organic 
enhancing agent has a volatility less than water. 

22. The method of Claim 19, wherein the non-polymeric organic 
enhancing agent is present in an amount ranging from about 0.01 to about 10 percent 
of the weight of the superabsorbent material. 

23. The method of Claim 19, wherein the non-polymeric organic 
enhancing agent is present in an amount ranging from about 0.01 to about 3 percent of 

* the weight of the superabsorbent material. 

24. The method of Claim 19, wherein the non-polymeric organic 
enhancing agent is present in an amount ranging from about 0.01 to about 1 percent of 
the weight of the superabsorbent material. 
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25. The method of Claim 19, wherein the free swell blood absorbent 
capacity for the enhanced superabsorbent material is at least about 1.2 times the free 
swell blood absorbent capacity for untreated superabsorbent material. 

26. The method of Claim 1 9, wherein the after load blood absorbent 
capacity for the enhanced superabsorbent material is at least about 1 .2 times the after 
load blood absorbent capacity for untreated superabsorbent material. 

27. The method of Claim 19, wherein the free swell blood absorbent 
capacity for the enhanced superabsorbent material is at least about double the free 
swell blood absorbent capacity for untreated superabsorbent material. 

28. The method of Claim 19, wherein the after load blood absorbent 
capacity for the enhanced superabsorbent material is at least about double the after 
load blood absorbent capacity for untreated superabsorbent material. 

29. The method of Claim 19, wherein the nonpolymeric organic 
enhancing agent has functional groups selected from the group consisting of a 
carboxyl, a carboxylate, a carbonyl, a sulfonic acid, a sulfonate, a sulfonamide, a 
hydroxyl, a phosphoric acid, a phosphoramide, a phosphate, an amide, an amine, and 
combinations thereof. 

30. The method of Claim 29, wherein the non-polymeric organic 
enhancing agent is selected from the group consisting of glycerin, a glycerin 
monoester, a glycerin diester, ascorbic acid, urea, glycine, ammonium citrate, taurine, 
dipropylene glycol, aminosalicylic acid, sorbitol, lactic acid, and combinations thereof. 

31. The method of Claim 30, wherein the non-polymeric organic 
enhancing agent is selected from the group consisting of glycerin, glycerin monoester, 
a glycerin diester, and combinations thereof. 

32. The method of Claim 31, wherein the non-polymeric organic 
enhancing agent is present in an amount ranging from about 0.05 to about 0.1 percent 
of the weight of the superabsorbent material. 

33. The method of Claim 19, wherein the superabsorbent material is 
selected from the group consisting of fibers, particles, and combinations thereof. 
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34. The method of Claim 19, further comprising the step of 
combining the superabsorbent material with a fibrous material. 

35. The method of Claim 34, wherein the step of exposing the 
superabsorbent particles to the non-polymeric organic enhancing agent comprises the 
step of exposing the superabsorbent material to the enhancing agent as the 
superabsorbent material is combined with the fibrous material. 

36. The method of Claim 34, wherein the step of exposing the 
superabsorbent materials to the non-polymeric organic enhancing agent comprises 
providing the enhancing agent on the superabsorbent material in the absence of the 
fibrous material, then combining the enhanced superabsorbent material with the fibrous 
material. 

37. The method of Claim 34, further comprising the steps of: 
providing the fibrous material in the form of individualized cellulose 

fibers that have hydrogen bonding functional sites, wherein the individualized fibers are 
cured in the presence of a crosslinking material to produce high bulk fibers with 
intrafiber covalent crosslinks, and the fibers are fiberized to reduce interfiber bonding 
between the cured fibers; and 

wherein the step of combining the enhanced superabsorbent material 
with the fibrous material comprises the step of adding the enhanced superabsorbent 
material to the fibers before, during or after the fibers are cured. 

38. The method of Claim 37, wherein the curing step comprises 
using any crosslinking material and curing the crosslinking material before combining 
the enhanced superabsorbent material and the cured cellulose fibers. 

39. A modified superabsorbent material for absorbing blood 

comprising: 

a superabsorbent material; and 

an enhancing agent for increasing the blood absorbence properties of 
the superabsorbent material, the enhancing agent selected from the group consisting of 
polymeric enhancing agents and combinations thereof nonreactive with each other, the 
enhancing agents comprising enhancing agent molecules, the enhancing agent 
molecules having at least one functional group capable of forming a hydrogen bond 
with the superabsorbent material, the enhancing agent being at least partially bonded to 
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the superabsorbent material in an amount effective to enhance the blood absorbence 
properties of the superabsorbent material. 

40. The modified superabsorbent material of Claim 39, wherein the 
polymeric enhancing agent is present in an amount ranging between about 0.01 to 
about 3.0% of the weight of the superabsorbent material. 

41. The modified superabsorbent material of Claim 40, wherein the 
polymeric enhancing agent is polyglycol. 

42. The modified superabsorbent material of Claim 41, wherein the 
polymeric enhancing agent is polyethylene glycol. 

43. The modified superabsorbent material of Claim 39, wherein the 
polymeric enhancing agent is present in an amount ranging between about 0.01 to 
about 1 .0 percent of the weight of the superabsorbent material. 

44. The modified superabsorbent material of Claim 39, wherein the 
free swell blood absorbent capacity for the enhanced superabsorbent material is at least 
about 1.15 times the free swell blood absorbent capacity for untreated superabsorbent 
material. 

45. The modified superabsorbent material of Claim 39, wherein the 
after load blood absorbent capacity for the enhanced superabsorbent material is at least 
about 1.15 times the after load blood absorbent capacity for untreated superabsorbent 
material. 

46. The modified superabsorbent material of Claim 39, wherein the 
free swell blood absorbent capacity for the enhanced superabsorbent material is at least 
about 1.5 times the free swell blood absorbent capacity for untreated superabsorbent 
material. 

47. The modified superabsorbent material of Claim 39, wherein the 
after load blood absorbent capacity for the enhanced superabsorbent material is at least 
about 1.5 times the after load blood absorbent capacity for untreated superabsorbent 
material. 

48. The modified superabsorbent material of Claim 39, wherein the 
polymeric enhancing agent is selected from the group consisting of a polycarboxylic 
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acid, a polycarboxylate, a poly(lactone) polyol, a polyamide, a polyamine, a 
polysulfonic acid, a polysulfonate, and combinations thereof. 

49. The modified superabsorbent material of Claim 39, wherein the 
superabsorbent material is selected from the group consisting of fibers, particles, and 
combinations thereof. 

50. The modified superabsorbent material of Claim 39, further 
comprising a fibrous material including individualized cellulose fibers that have 
hydrogen bonding functional sites, wherein the individualized fibers are cured in the 
presence of a crosslinking material to produce high bulk fibers with intrafiber covalent 
crosslinks. 

51. A modified superabsorbent material for absorbing blood 

comprising: 

a superabsorbent material; and 

an enhancing agent for increasing the blood absorbence properties of 
the superabsorbent material, the enhancing agent selected from the group consisting of 
non-polymeric organic enhancing agents and combinations thereof nonreactive with 
each other, the enhancing agents comprising enhancing agent molecules, the enhancing 
agent molecules having at least one functional group capable of forming a hydrogen 
bond with the superabsorbent material, the enhancing agent being at least partially 
bonded to the superabsorbent material in an amount effective to enhance the blood 
absorbence properties of the superabsorbent material. 

52. The modified superabsorbent material of Claim 51, wherein the 
non-polymeric organic enhancing agent is present in an amount ranging between about 
0.01 to about 3.0 percent of the weight of the superabsorbent material. 

53. The modified superabsorbent material of Claim 51, wherein the 
non-polymeric organic enhancing agent is present in an amount ranging between about 
0.01 to about 1.0 percent of the weight of the superabsorbent material. 

54. The modified superabsorbent material of Claim 51, wherein the 
free swell blood absorbent capacity for the enhanced superabsorbent material is at least 
1.2 times the free swell blood absorbent capacity for untreated superabsorbent 
material. 



WO 95/19191 



PCTAJS95/00443 



69 

55. The modified superabsorbent material of Claim 51, wherein the 
after load blood absorbent capacity for the enhanced superabsorbent material is at least 
1.2 times the after load blood absorbent capacity for untreated superabsorbent 
material. 

56. The modified superabsorbent material of Claim 51, wherein the 
free swell blood absorbent capacity for the enhanced superabsorbent material is at least 
double the free swell blood absorbent capacity for untreated superabsorbent material. 

57. The modified superabsorbent material of Claim 51, wherein the 
after load blood absorbent capacity for the enhanced superabsorbent material is at least 
double the after load blood absorbent capacity for untreated superabsorbent material. 

58. The modified superabsorbent material of Claim 51, wherein the 
nonpolymeric organic enhancing agent has functional groups selected from the group 
consisting of a carboxyl, a carboxylate, a carbonyl, a sulfonic acid, a sulfonamide, a 
sulfonate, a hydroxyl, a phosphoric acid, a phosphoramide, a phosphate, an amide, an 
amine, and combinations thereof. 

59. The modified superabsorbent material of Claim 51, wherein the 
non-polymeric organic enhancing agent is selected from the group consisting of 
glycerin, a glycerin monoester, a glycerin diester, urea, ascorbic acid, glycine, 
dipropylene glycol, ammonium citrate, taurine, aminosalicylic acid, sorbitol, lactic acid, 
and combinations thereof. 

60. The modified superabsorbent material of Claim 51, wherein the 
superabsorbent material is selected from the group consisting of fibers, particles, and 
combinations thereof. 

61. The modified superabsorbent material of Claim 51, wherein the 
nonpolymeric organic enhancing agent is selected from the group consisting of 
glycerin, glycerin monoester, a glycerin diester, and combinations thereof 

62. The modified superabsorbent material of Claim 61, wherein the 
non-polymeric organic enhancing agent is present in an amount ranging from about 
0.01 to about 0.1 percent of the weight of the superabsorbent material. 

63. The modified superabsorbent material of Claim 51, further 
comprising a fibrous material including individualized cellulose fibers that have 
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hydrogen bonding functional sites, wherein the individual fibers are cured in the 
presence of a crosslinking material to produce high bulk fibers with intrafiber covalent 
crosslinks. 

64. A method for enhancing the blood absorbence properties of a 
superabsorbent material having hydrogen bond forming functionality comprising the 
steps: 

providing a fibrous material; 

selecting an enhancing agent from the group consisting of polymeric 
enhancing agents, non-polymeric organic enhancing agents, and combinations thereof 
nonreactive with each other, the enhancing agent comprising enhancing molecules, the 
enhancing molecules having at least one functional group capable of forming a 
hydrogen bond with the superabsorbent material; and 

exposing the fibrous material to an amount of enhancing agent in liquid 
or solution form sufficient to enhance the blood absorbence properties of the 
superabsorbent material; 

combining the exposed fibrous material with the superabsorbent 
material, so that the blood absorbence properties of the superabsorbent materials are 
enhanced. 

65. The method of Claim 64, wherein the nonpolymeric organic 
enhancing agent has a volatility less than water. 

66. The method of Claim 64, wherein the non-polymeric organic 
enhancing agent has functional groups that are selected form the group consisting of a 
carboxyl, a carboxylate, a carbonyl, a sulfonic acid, a sulfonamide, a sulfonate, a 
hydroxyl, a phosphoric acid, a phosphoramide, a phosphate, an amide, an amine, and 
combinations thereof. 

67. The method of Claim 64, wherein the non-polymeric organic 
enhancing agent is selected from the group consisting of glycerin, a glycerin 
monoester, a glycerin diester, ascorbic acid, urea, glycine, ammonium citrate, taurine, 
dipropylene glycol, aminosalicylic acid, sorbitol, lactic acid, and combinations thereof. 

68. The method of Claim 64, wherein the non-polymeric organic 
enhancing agent is selected form the group consisting of glycerin, a glycerin 
monoester, a glycerin diester, and combinations thereof. 
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69. The method of Claim 64, wherein the superabsorbent material is 
selected from the group consisting of fibers, particles, and combinations thereof. 

70. The method of Claim 64, wherein the enhancing agent is present 
in an amount ranging from about 2 to about 30 percent of the weight of the fibrous 
material and enhancing agent, and the superabsorbent material is present in an amount 
ranging from about 0.05 to about 80 percent of the weight of the fibrous material and 
the superabsorbent material. 

71. The method of Claim 70, wherein the enhancing agent is present 
in an amount ranging from about 2 to about 15 weight percent of the weight of the 
fibrous material and the enhancing agent. 

72. The method of Claim 64, wherein the after load blood absorbent 
capacity of the combined exposed fibrous material and superabsorbent material is at 
least about 1.3 times the after load blood absorbent capacity for unexposed fibrous 
material and the superabsorbent material. 

73. The method of Claim 64, wherein the step of exposing the 
fibrous material to the enhancing agent comprises providing the enhancing agent on 
the fibrous material in the absence of the superabsorbent material, then combining the 
exposed fibrous material with the superabsorbent material. 

74. The method of Claim 64, wherein the polymeric enhancing 
agent is selected from the group consisting of a polycarboxylic acid, a polycarboxylate, 
a poly(lactone) polyol, a polyamide, a polyamine, a polysulfonic acid, a polysulfonate, 
and combinations thereof. 

75. The method of Claim 64, wherein the polymeric enhancing 
agent is a polyglycol. 

76. The method of Claim 75, wherein the polymeric enhancing 
agent is polyethylene glycol. 

77. A method for enhancing the blood absorbence properties of a 
superabsorbent material having hydrogen bond forming functionality comprising the 
steps: 

providing a fibrous material in the form of individualized cellulose fibers 
that have hydrogen bonding functional sites, wherein the individualized fibers are cured 
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in the presence of a crosslinking material to produce high bulk fibers with intrafiber 
covalent crosslinks while leaving hydrogen bonding functional sites available on the 
cured fibers for hydrogen bonding, and the fibers are fiberized to reduce interfiber 
bonding between curing fibers, wherein in the curing step further comprises: 

(a) using any crosslinking material and curing the crosslinking 
material before applying the enhancing agent; 

(b) curing the crosslinking material in the presence of the enhancing 
agent, wherein the enhancing agent is not a crosslinking material; or 

(c) curing the crosslinking material in the presence of the enhancing 
agent, wherein the enhancing agent is also a crosslinking material, and the fibers 
contain sufficient water when the curing step begins to retard curing so that adequate 
enhancing agent functional groups will remain to enhance the blood absorbence 
properties of the superabsorbent material; 

adding the superabsorbent material to the fibers before, during, or after 
the fibers are cured; and 

applying the enhancing agent to the fibers before, during, or after the 
fibers are cured or fiberized. 

78. A blood absorbent composition of fibrous material and 
superabsorbent material comprising: 

fibrous material; 

a superabsorbent material; and 

an enhancing agent selected from the group consisting of polymeric 
enhancing agents, non-polymeric organic enhancing agents; and combinations thereof 
nonreactive with each other, applied to the fibrous material in an amount effective to 
enhance the blood absorbence properties of the superabsorbent material when 
combined with the enhanced fibrous material, the enhancing agents comprising 
enhancing agent molecules, the enhancing agent molecules having at least one 
functional group capable of forming at least one hydrogen bond with the 
superabsorbent material. 

79. The blood absorbent composition of Claim 78, wherein the 
nonpolymeric organic enhancing agent has a volatility less than water. 

80. The blood absorbent composition of Claim 78, wherein the non- 
polymeric organic enhancing agent has functional groups that are selected from the 
group consisting of a carboxyl, a carboxylate, a carbonyl, a sulfonic acid, a 
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sulfonamide, a sulfonate, a hydroxyl, a phosphoric acid, a phosphoramide, a 
phosphate, an amide, an amine, and combinations thereof. 

81. The blood absorbent composition of Claim 78, wherein the non- 
polymeric organic enhancing agent is selected from the group consisting of glycerin, a 
glycerin monoester, a glycerin diester, ascorbic acid, urea, glycine, ammonium citrate, 
taurine, tartaric acid, dipropylene glycol, aminosalicylic acid, sorbitol, lactic acid, and 
combinations thereof. 

82. The blood absorbent composition of Claim 78, wherein the 
nonpolymeric organic enhancing agent is selected from the group consisting of 
glycerin, a glycerin monoester, a glycerin diester, and combinations thereof. 

83. The blood absorbent composition of Claim 78, wherein the 
polymeric enhancing agent is selected from the group consisting of a polyglycol, a 
polycarboxylic acid, a polycarboxylate, a poly(lactone) polyol, a polyamide, a 
polyamine, a polysulfonic acid, a polysulfonate, and combinations thereof 

84. The blood absorbent composition of Claim 83, wherein the 
polymeric enhancing agent is polyethylene glycol. 

85. The blood absorbent composition of Claim 78, wherein the 
fibrous material comprises individualized, high bulk fibers having intrafiber covalent 
bonds wherein the fibers have hydrogen bonding functionalities and the superabsorbent 
material is selected from the group consisting of particles, fibers, and combinations 
thereof. 

86. An superabsorbent article produced by the method of Claim 12, 
13, 16, 19, 33, 34, 37, 64, 69, or 77. 

87. An superabsorbent article comprised of the modified 
superabsorbent material of Claim 39, 42, 49, 50, 59, or 60. 

88. An article comprised of the blood absorbent composition of 
Claim 78, 82, 84, or 85. 
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